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Karst topography is a landscape class typically marked by 
the presence of sinkholes, caves, disappearing streams, and 
springs (fig . 1) . Karst geology and associated sinkholes are 
found throughout the world and in some instances can 
pose a threat to property and human safety . It is estimated 
that karst topography occurs over nearly 20 percent of the 
continental U .S . (USGS, 2013) and that geologic depos-
its capable of hosting karstic features are found in signifi-
cant portions of the Western Great Plains and the Rocky 
Mountains (Johnson, 2008) . Although these deposits 
underlie large areas of Wyoming, including the Laramie 
Basin, karst topography typically occurs in isolated areas 
because it develops only in the presence of specific hydro-
geologic conditions . It is important to understand where 
these conditions exist, potentially creating geologic hazards 
and associated risk to people and infrastructure .
Johnson (2008) lists four requirements for the development 
of gypsum karst: 1) the presence of a gypsum deposit; 2) a 
water supply unsaturated with CaSO4; 3) outlets that dis-
charge the water-evaporite solution; and 4) energy, in this 
case a hydraulic gradient . Although much of Wyoming is 
underlain with evaporite deposits (Johnson, 1997), the area 
known to be affected by karstic features is much smaller 
because one or more of the three hydrologic conditions has 
been absent (See figure 1 in Johnson, 2008) .
While completing geologic maps with funding from the 
U .S . Geological Survey (USGS) National Cooperative 
Geologic Mapping Program, Wyoming State Geological 
Survey (WSGS) geologists recognized the presence of evap-
orite karst features, including gypsite deposits and sink-
holes, in and near the city of Laramie, as well as elsewhere 
in the southern Laramie Basin . A review of early aerial pho-
tography also documented the occurrence of sinkholes in 
some areas of Laramie where residential developments now 
exist . The recognition of existing karstic terrains and the 
realization that other areas within the basin have similar 
geologic conditions that favor sinkhole development indi-
cated a need for a study describing and characterizing the 
identified karst features in the southern Laramie Basin 
(pl . 1) . 
Figure 1.  Block diagram illustrating various types of features associated with karst development .
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BACKGROUND
The development of karst features requires the flow of nat-
urally occurring mildly acidic groundwater through soluble 
rock materials such as limestone, dolomite, and evaporites . 
One way groundwater is made acidic is when infiltrating 
rainwater interacts with atmospheric carbon dioxide to 
form mild solutions of carbonic acid .  Soluble rocks gener-
ally have low levels of intergranular porosity and groundwa-
ter preferentially flows through naturally occurring joints 
and fractures . Over time, the flowing groundwater enlarges 
the fracture opening, or aperture, by dissolving the adjacent 
rock . Concurrently, the magnitude of groundwater flow 
increases in the enlarged fracture, dissolution rates rise, 
and the affected fracture grows larger still . Eventually, the 
continual cycle of synchronous dissolution and increased 
circulation produces enhanced underground drainage 
systems composed of subterranean caves, piping, and solu-
tion-enlarged bedding planes and fractures . Commonly, 
structural failure occurs as overlying rock collapses into the 
subterranean caverns . Sinkholes develop when geo-material 
collapse continues to the land’s surface . 
Because karst formation requires the presence of flowing 
water, it is important to understand the source of the 
groundwater that forms the underground conduits and 
cavities that lead to sinkhole development . Karst features 
may have developed under current hydrogeologic and cli-
matic conditions, or can simply reflect the wetter climate 
and the hydrogeological conditions of earlier times such as 
the Pleistocene and pre-Pleistocene epochs in Wyoming . 
In some cases, groundwater flows from its area of origin 
through rock fractures to form karst in soluble geologic 
formations several miles distant . Evaporite beds are sed-
imentary deposits that form as naturally occurring salts 
precipitate out of evaporating water including seawater . 
Over time and under the right conditions, evaporite min-
erals such as gypsum, halite, and anhydrite may form 
geospatially extensive beds that may be tens of feet thick . 
Widespread episodes of evaporite formation in the Laramie 
Basin took place on extensive, shallow marine platforms 
during the Permian and Triassic Periods, 300 to 200 
million years ago .
Gypsum is a valued multipurpose mineral that is used in 
the manufacture of agricultural fertilizers and construc-
tion materials such as plaster, wallboard and Portland 
cement . However, high amounts of gypsum in the soil can 
inhibit plant growth and can react with untreated concrete 
causing disintegration . Two classes of gypsum have been 
identified in the southern Laramie Basin: gypsite and rock 
gypsum (Darton and Siebenthal, 1909) . Both types have 
been quarried near Laramie . Rock gypsum is a grayish to 
white colored mineral that comes in various forms such 
as alabaster, satin spar, and selenite (fig . 2) . In contrast, 
gypsite deposits contain an abundance of the mineral 
gypsum along with other trace elements that are commonly 
mixed with alluvial and eolian sediments . The uses of 
mined gypsite are similar to those for gypsum . Sonnenfeld 
(1984) developed a three part classification system for 
gypsite deposits based on methods of emplacement: 1) 
spring related deposits with gypsum saturated groundwa-
ter transported to the surface and precipitating out down 
gradient; 2) blanket deposits with downward leaching of 
gypsum in soils, eventually forming crusts within the soil; 
and 3) eolian deposits derived from eroding soil crusts or 
playa deposits to form gypsum dunes by prevailing winds . 
Another form of blanket deposit can occur when surface 
or near surface gypsum outcrops are broken down and dis-
tributed across the land by weathering or erosion . Gypsite 
deposits often result from a combination of these processes .
Due to their solubility, evaporite minerals have faster disso-
lution rates and lower mechanical strengths than carbon-
ate rocks . Gypsum and gypsite are highly soluble in water 
making them exceptionally vulnerable for karst develop-
ment . Once in solution, gypsum becomes mobile and can 
easily be transported by subsurface conduits (faults, frac-
tures, piping, bedding planes and joints) . In the subsur-
face, karstification proceeds slowly, driven by continuous 
geomorphic and hydrological processes . However, shallow 
evaporite deposits exposed to infiltrating surface water 
and precipitation are subject to accelerated dissolution and 
collapse, leading over time to karst development . Because 
evaporites are more soluble, evaporite karst environments 
are generally more sensitive to changes in local hydrologic 
conditions than carbonate karsts . Human activities that 
alter the natural flow of groundwater and surface water 
such as irrigation, groundwater extraction, wastewater 
management and stormwater drainage can trigger rapid 
changes in karst systems .
Karst systems can hinder human activity in manners 
that range in severity from minor easily mitigated occur-
rences to serious, life-threatening hazards . Sinkholes, for 
instance, can pose significant risk to property, people and 
infrastructure . The acute hazards associated with sink-
hole development often appear suddenly and can be quite 
dramatic . Roads and buildings collapse abruptly, humans 
and animals are injured as seemingly solid ground gives 
way, and ponds and lakes drain into the ground without 
warning . 
Other hazards associated with karst systems may appear 
gradually . Ground subsidence can cause sidewalks, streets, 
and curbs to heave, subside, and crack . Underground util-
ities such as electrical transmission and sewer lines can be 
ruptured . Pollutants can be conveyed quickly through 
aquifers by well-developed but previously unidentified 
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karst systems . An environmental concern associated with 
karst terrain is the heightened potential that groundwater 
contamination from Underground Storage Tank (UST) 
releases can easily move through aquifers along horizontal 
conduits or piping within gypsum beds or gypsite deposits . 
Collapse features that appear relatively quickly can also be 
caused by sewer or water line leaks within evaporite units . 
Damage to sidewalks and roads, associated with under-
ground piping and storm water infiltration in underlying 
or surface gypsite deposits, is not uncommon within the 
City of Laramie (Jarvis and Huntoon, 2003), (pl . 2) . Many 
houses within the Laramie area that were constructed on 
gypsite deposits were built without basements because 
of alkali decay and bulking of the concrete foundations 
caused by the gypsite .
GEOLOGIC AND HYDROLOGIC SETTING
The Laramie Basin is a Laramide synclinal depression 
located in southeastern Wyoming . It is bounded on the 
west by the Medicine Bow Mountains, on the north by 
the Como Bluff anticline, and on the east by the Laramie 
Mountains (fig . 3) . The syncline is asymmetrical with the 
steeper limb on the west side . Basin asymmetry resulted 
from east-verging movement on the Medicine Bow uplift, 
a reverse-faulted structure which overrode and folded the 
sedimentary rocks on the western flank of the basin . The 
eastern flank of the basin is characterized by shallower 
dips of the sediments on the western flank of the Laramie 
Mountains . Within the basin are several typical north to 
south trending Laramide-aged anticlinal structures that 
are mostly verging eastward out-of-the-basin, i .e ., toward 
the east flank and commonly bounded on the east or steep 
limb with high angle reverse faults . In addition to this 
Laramide reverse or thrust faulting, faults with significant 
strike-slip components are present (Stone, 1995) . The loca-
tion and character of the structural features on the western 
flank of the Laramie Mountains and the southern part 
of the Laramie basin can be instrumental in predicting 
the presence of potential evaporate related  karst geologic 
hazards in the Laramie area .
Sedimentary rocks within the Laramie Basin range from 
Pennsylvanian to Quaternary in age and include forma-
tions from the Pennsylvanian Fountain Formation to the 
Tertiary Wind River Formation (fig . 4) . In the northern 
part of the basin, the total thickness of the sedimentary 
section is approximately 14,500 feet, including the Wind 
River Formation down to the base of the Casper/Fountain 
Formation . In the study area, the thickness of the sedimen-
tary section is closer to 2,200 feet . The units of primary 
interest in this study due to their gypsum content are the 
Permian Satanka Shale, the Permian Forelle Limestone, 
and the Triassic/Permian Chugwater Formation as defined 
by Darton and Seibenthal (1909) . These units are illus-
trated, including lithology, on the type-log (fig . 5) .
The general hydrogeology of the Laramie basin is char-
acteristic of other Laramide structural basins that occur 
widely throughout Wyoming (Huntoon, 1983) . Typically, 
Figure 2.  Examples of the forms of gypsum found in the 
southern Laramie Basin:  a) alabaster-a fine granular form of 
gypsum commonly found in outcrop, b) gypsite-an erosional 
form of gypsum often mixed with clay, sand, and gravel, c) 






groundwater in Laramide basin bedrock aquifers originates 
in the surrounding mountain ranges as infiltrating precip-
itation, or recharge, into Paleozoic and early Mesozoic sed-
imentary aquifers that outcrop along the mountain flanks 
and along the perimeters of the adjacent structural basin . 
Groundwater circulation, controlled by the basinward dip 
of these aquifers, is strongly influenced by geologic struc-
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Figure 3.  Location map showing southern Laramie Basin evaporite karst study area . Outcrops with gypsum occurrences and 
the observed sinkholes are delineated with the dashed purple lines .
cored anticlines, and associated fractures that developed 
during Laramide compressional deformation (Huntoon, 
1993) .
For a more detailed discussion of the stratigraphy, structure 
and hydrologic characterization of the southern Laramie 











































































































































































































































































































STRATIGRAPHIC NOMENCLATURE CHART OF THE 
HANNA AND LARAMIE BASINS, WYOMING
Cgl Conglomerate  Mbr Member
Fm Formation   Sh Shale
Gp Group   Ss Sandstone
Ls Limestone   T Tongue
Abbreviations used in the columns Unconformity (generally of regional extent)
Rocks in subsurface only
Hiatus
EXPLANATION Modified from Love and others (1993)











































































WELL USED FOR TYPE LOG
Note: The lithologies shown are general 
and meant to depict average lithologic 
conditions and are not based on petro-










Figure 5.  Type electric log showing log character and lithology for gypsum bearing formations in the southern Laramie Basin .
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GYPSITE DEPOSITS
The WSGS has mapped numerous gypsite deposits (pl . 1) 
on the eastern and southern flanks of the Laramie basin . 
For the most part, these deposits are sourced by the gypsum 
beds in the lower Chugwater Formation . Gypsum beds in 
the lower Chugwater Formation are 10 feet or less in thick-
ness (fig . 5); in areas where they have been exposed, these 
thin gypsum beds have been reworked by wind and water 
erosion to form gypsite fan deposits . These deposits are 
especially common in and around Laramie (pl . 2) . Gypsite 
occurs in extensive fan deposits west of the Laramie fault 
which placed lower Chugwater gypsum beds near to the 
surface . Moreover, springs associated with the Laramie 
fault brought additional gypsum in solution to the surface; 
the dissolved gypsum then precipitated out down gradient 
and further enriched these fan deposits . The large gypsite 
deposit along the Spring Creek drainage in south Laramie 
(pl . 2) down gradient of the Laramie fault was probably 
deposited by a combination of spring discharge and erosion 
of near surface gypsum beds . Several springs still discharge 
in that area . 
In addition to the Spring Creek area, WSGS has mapped 
other Chugwater-sourced gypsite fan deposits along much 
of the extent of the Laramie Fault trace . Extensive gypsite 
fans are found along the Soldier Creek drainage; in a large 
area of central Laramie that extends for one mile northward 
from the University of Wyoming campus that includes 
LaBonte Park and the Laramie High School; and in two 
rural areas, three miles and eight miles north of the city 
respectively . At each of these sites, the largest parts of 
these deposits are emplaced west of the Laramie fault (pl . 
2) . Portions of the gypsite deposits near the Spring Creek 
drainage and the area near the Laramie High School were 
mined as late as the 1940s (fig . 6) . Housing and commer-
cial developments now cover most of these gypsite deposits . 
LaBonte Lake, located in the central Laramie deposit, has 
been described by Jarvis and Huntoon (2003) as a evaporite 
karst collapse feature, with localized piping creating cavi-
ties and eventual collapse . Historical accounts from local 
residents indicate that the area around LaBonte Lake may 
have been mined for gypsum and 1947 aerial photography 
show stockpiles of quarried gypsum immediately northeast 
of LaBonte Lake, as well as an active gypsite quarry approx-
imately a half mile to the east . The LaBonte Lake feature 
may be a result of both natural and man-made activity .
Recent construction excavations immediately north of the 
University campus exposed relatively pure gypsite deposits 
that started below a thin layer of surface soil and extended 
to the full depth of the excavation, 6-7 feet below ground 
surface (fig . 7) . Descriptions of the south Laramie gypsite 
mining operation along Spring Creek (Slosson and Moudy, 
1900) placed the thickness of the gypsite deposit at 9 feet . 
This is generally consistent with the observed thickness 
of the lower Chugwater gypsum beds proposed as the 
source for the gypsite deposits . The high solubility of the 
gypsum in these deposits makes them quite susceptible to 
the formation of cavities, piping and local resultant collapse 
features . The location of these gypsite deposits should be 
considered during future development planning within the 
areas of occurrence .
A number of the gypsite deposits along the basin’s southern 
flank are sourced from gypsum layers in the upper Satanka 
Shale . The gypsite deposits mapped near the intersection 
of Sand Creek road and Sportsman Lake road (pl . 3) and 
southeast of Red Buttes Station (pl . 4) are typical examples 
of gypsite deposits sourced by Satanka gypsum beds .
OCCURRENCES AND COMMERCIAL 
DEVELOPMENT OF GYPSUM AND 
GYPSITE IN SOUTHERN LARAMIE BASIN
Based on correlation of well logs from the southwest corner 
of the basin to the Laramie area, gypsum beds identified 
in the Satanka, Forelle, and Chugwater formations are rel-
atively continuous across the study area with some varia-
tions in thickness (fig . 8) . A thick, massive gypsum unit 
interbedded with thin shale units described in the upper 
Satanka Shale, 50 to 100 feet below the Forelle Limestone, 
is traceable across the basin . Some thinning occurs from 
a maximum of 60 feet in the southwest corner of the 
study area near Red Mountain (fig . 9), to about 20 feet 
near Laramie, as shown in the well logs of the Airport and 
University wells in the Laramie area (fig . 8) .  The gypsum 
interbedded with the limestone in the Forelle is consistently 
present across the basin with little change in thickness . 
Three 10 foot gypsum beds in the lower Chugwater are 
identified in the same stratigraphic position and thicknesses 
across the basin . 
Mining of rock gypsum and gypsite in the southern 
Laramie basin began in the late 1800s and continued into 
the early 1900s . Gypsum beds in the Satanka Shale are 
thick and pure enough for economic recovery . Mountain 
Cement Company is currently mining a massive 20 foot 
gypsum bed in the Red Buttes area (pls . 1 and 4), using 
the gypsum as an additive in cement production . Gypsum 
was originally mined in the Laramie area by Consolidated 
Plaster Company beginning in 1890 for the production 
of stucco and plaster (Darton and Siebenthal, 1909) . 
Mountain Cement Company mined this same upper 
Satanka gypsum unit east of Red Mountain (fig . 9) in 
the late 20th century . The Red Mountain gypsum unit is 
massive (up to 60 feet thick) with thin red shale and lime-
stone interbeds . The outcrop occurs approximately 50-60 
feet below the overlying Forelle Limestone and represents 
the thickest occurrence of bedded gypsum in the south-
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ern Laramie basin . A stratigraphically equivalent Satanka 
gypsum bed, located 4 miles north of Laramie in the SW 
¼ of Section 2, T . 16 N ., R . 73 W ., was mined for a short 
time in the early 1900s . The gypsum bed in this location 
is about 40-50 feet below the base of the Forelle Limestone 
and has a thickness of 10 feet .
South of the City of Laramie, the Standard Plaster Cement 
Company began mining gypsum rich gypsite deposits in 
1896 and by 1900 were producing 2,500 tons per year (pl . 
2 and fig . 6) . The deposit is described as 9 feet thick with 
about 7 feet being over 90 percent pure and the lower 2 
feet of gypsite is interbedded with clay and gravel (Slosson 
and Moudy, 1900) . Evidence from 1947 aerial photography 
suggests that a deposit on the north side of Laramie was 






































































Figure 6.  1947 aerial photograph of the Laramie area showing the Laramie fault, geology, and gypsite related features .
9
Figure 7.  Examples of street damage due to underlying 
gypsite and excavations showing gypsite deposits in the 
city of Laramie: a) excavation at intersection of 11th and 
Flint Streets showing gypsite with thin red clay inter-
beds to a depth of 6 feet, b) street damage north of UW 
campus due to underlying gypsite beds removed by sur-
face water, c) excavation north of UW campus showing 
white gypsite deposit to the bottom of the trench 6-7 
feet, d) street damage (asphalt collapse and hole) due 
to surface water removal of underlying gypsite, and e) 
broken water line near 10th and Flint Streets due to re-




































































   
   


































   





















































































































































































































































































































































































































EVAPORITE KARST FEATURES IDENTIFIED 
IN THE SOUTHERN LARAMIE BASIN
WSGS geologists have identified sinkholes in various 
stages of development outside of the Laramie city limits 
in the southern Laramie basin . Gypsum layers within the 
Permian Satanka, Forelle, and lower Chugwater exposed at 
or near the surface and the known gypsite deposits within 
the southern Laramie basin may be prone to the develop-
ment of karst features and the problems associated with 
them .
In 2012, while mapping the geology of the Johnson Ranch 
Quadrangle, the WSGS identified a significant sinkhole 
complex on state owned land about 16 miles southwest 
of Laramie (cover photo) . Further investigation revealed 
that geologic and hydrogeologic conditions at this sink-
hole are remarkably similar to those described at a sinkhole 
discovered in 1994 near Simpson Springs Creek, 5 miles 
southeast of Laramie . Western Water Consultants (WWC) 
of Laramie investigated the Simpson Springs sinkhole 
and provided a report of findings to the City of Laramie 
(Moody, 1994) . The two sinkholes are nearly identical in 
character .They both appear in the same part of the geologic 
section, have similar dimensions, and occur near similar 
structural features that could focus the flow of groundwater 
required for karst formation . 
Previous work in the southern Laramie basin has also 
focused on the distribution of gypsite deposits in the 
Figure 9.  View of abandoned Red 
Mountain gypsum quarry, south-
west corner of the Laramie Basin, 
showing Satanka Shale gysum 
beds in outcrop:  a) overview of 
quarry with Satanka Shale gypsum 
outcrop, b) close-up of gypsum 
outcrop showing gypsum beds with 
thin shale interbeds, c) sample of 





Laramie area, and the physical and environmental hazards 
they pose . Jarvis and Huntoon (2003) used historical aerial 
photos, topographic maps, and subsurface shallow geophys-
ical investigations to determine that LaBonte Lake (fig . 
6 and pl . 2) in north Laramie originated as a subsidence 
feature formed by karstic piping and the subsequent dis-
solution of gypsite . Of more practical concern to Laramie 
residents in some parts of the city, is the damage to gutters, 
sidewalks, foundations and roads caused by the processes 
of freeze-thaw, swelling and dissolution of gypsite . Some 
smaller scale collapse features around Laramie have been 
caused by sewer and stormwater pipes leaking water directly 
into gypsite units . Jarvis and Huntoon (2003) determined 
that the extent and complexity of existing gypsite conduit 
networks may prevent the isolation and containment of 
shallow groundwater pollutants, should a contaminant 
release occur . They mapped the gypsite occurrences within 
the city of Laramie at a large-scale and attributed them to 
windblown (eolian) and spring water transport sources .
Sinkholes and related features
Sinkholes identified in the southern Laramie Basin typi-
cally progress in a four stage process of evolution (fig . 10) . 
Sinkhole structure typically evolves from an early stoping 
stage where the cavity has not yet reached the surface (stage 
1), to an open configuration when the cavity reaches the 
ground surface (stage 2), followed by a collapsed phase 
(stage 3), and finally deposition of erosional sediments and 
subsequent revegetation (stage 4) . In stage 4, subsidence has 
ceased and the surface is relatively stable .
Figure 10.  Four stages of sinkhole development based on observation at the Lone Tree sinkhole complex: a) early stage of 
development with gypsum removal and stoping shale toward the surface (stage 1), b) stoping breaks through at surface with 
open sinkhole (stage 2), c) sinkhole collapses on itself but is active with material filling the underlying void (stage 3), d) the 
sinkhole is filled, vegetated over, and currently inactive (stage 4) .










a) stage 1  b) stage 2
 c) stage 3  d) stage 4
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The southern Laramie Basin is underlain and rimmed in 
part by the gypsiferous Permian Satanka Shale, Forelle 
Limestone and the lower Triassic Chugwater Formation, 
collectively designated as the Goose Egg Formation in areas 
adjacent to the southern Laramie Basin (fig . 4) . However, 
sinkholes and other karstic features have been identified 
only along a small portion of the southeastern margin of 
the basin (fig . 3 and pl . 1) . Furthermore, it is unlikely that 
sinkholes will develop in areas of the basin where these 
gypsum bearing formations are more deeply buried because 
overlying geologic units possess sufficient strength and 
thickness to resist collapse into the subterranean cavities 
formed by karstification . To date, the WSGS has identified 
two major sinkhole complexes within the southern Laramie 
basin, the Lone Tree Creek and Simpson Springs complexes 
are described below .
Lone Tree Creek sinkhole complex
In July of 2012, WSGS geologists encountered a previously 
undocumented open sinkhole (fig . 11a) in the NE1/4 of 
Section 16 of T .13N ., R .74W ., between the Lone Tree and 
Antelope Creek drainages (pl . 3) on the Johnson Ranch 
Quadrangle approximately 16 miles southwest of Laramie . 
The opening at the surface was approximately 5-6 feet 
across, circular in shape, and located on a gravel capped 
alluvial fan . Visual examination of the opening revealed a 
large roughly conical cavity that widens with depth . Initial 
measurements indicated that the cavity was 50-60 feet deep 
with the bottom sloping toward the east; the sinkhole con-
tained groundwater to within 35 feet of the ground surface . 
A visual examination from the surface opening indicated 
that red siltstone debris and other collapsed material rested 
at the base of the cavity . Above that, the walls of the sink-
hole exposed layers of competent Satanka red shale and 
siltstone that are capped at the surface by approximately 6 
feet of gravel fan material . 
Shortly after discovery of the Lone Tree Creek sinkhole 
complex, Davin Bagdonas (WSGS field assistant and 
co-author on the Johnson Ranch 24K geologic map) con-
ducted a dimensional survey of the open cavity in August 
of 2012 . At the time of measurement, total sinkhole volume 
was estimated at approximately 362 yd3 (304 .42m3) . In 
April of 2013, Davin, as part of a geology course project, 
conducted preliminary microgravity investigation 
(SCINTREX CG-5 Auto Grav System instrument) above 
the open sinkhole cavity . A survey line was measured at 207 
feet (63 meters) with gravity measurements being taken 
every 23 feet (7 meters) directly west to east and centered 
over the sinkhole opening . The observed negative anomaly 
agreed well with the estimated volume and cavity location 
along the survey line . As a whole, the survey results were 
encouraging and this tool could be quite useful for future 
investigations in sinkhole prone areas, as well as modeling 
known areas (Bagdonas, 2013) .
The sinkhole is located roughly in the center of an extensive 
area (~ 28 mi2) of Quaternary alluvial fan deposits that is 
punctuated by outcrops of underlying bedrock at topo-
graphic high points . Roughly 100 feet to the northwest of 
the sinkhole, small exposures of Forelle Limestone crop out 
through the alluvial fan material . Rocks in this area strike 
approximately northeast to southwest and dip at about 5 
degrees toward the northwest . Geological structure in the 
Johnson Ranch Quadrangle is dominated by numerous 
basement cored faults that are readily observable in bedrock 
outcrops but concealed by the alluvial fan deposits . The 
sinkhole lays in close proximity to the convergence of a 
northwest trending possible reverse/reactivated shear fault 
with a tear fault that trends southwest from the Boulder 
Ridge Anticline/Fault (pl . 3) .
The sinkhole lies within a roughly circular depression 
nearly 10 acres in size that is about 15 - 20 feet lower in 
elevation than the surrounding land surface . The 10 acre 
depression, comprised of numerous smaller conical depres-
sions that are filled with alluvial gravels, likely represent a 
complex of sinkholes that have collapsed over time (fig . 
11b and fig . 10-stages 2, 3,and 4) . Sinkholes in the second 
through fourth stages of development can be found in this 
complex and adjacent areas . The open sinkhole described 
above (stage 2) indicates that subterranean karst cavi-
ties (stage 1) are likely developing along the edge of the 
complex . One stage 3 sinkhole, seen along the northeast 
edge of the complex, has collapsed on itself and material 
is still flowing into the conical depression (fig . 11c) . The 
greater part of the complex consists of older collapsed and 
revegetated sinkholes characteristic of the fourth stage of 
development . Moreover, two sinkholes on the northwest 
edge of the large depression appear to be in transition 
between stages three and four in that they have not yet 
been fully revegetated .
Other collapse features can be observed along the trace of 
the Satanka gypsum subcrop in the narrow depression (pl . 
3), likely formed by gypsum dissolution from the penetra-
tion of surface water through the overlying gravel cap . This 
narrow depression follows the trace of the gypsum subcrop 
for over a mile and a half along strike and crosses Antelope 
Creek to the southwest . The area immediately west of 
Antelope Creek has collapsed forming a permanent pond 
of standing water, 800 feet long and 170 feet wide (fig . 
11d) . On the northwest edge of the ponded collapse feature, 
above the gypsum subcrop, two smaller sinkhole collapse 
features are noted . The westernmost sinkhole is in the early 
stage of revegetation (stage 4), while the sinkhole to the 
east is still in the third stage of development . It appears 
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that surface water from precipitation and streamflow in 
Antelope Creek have led to the formation of the ponded 
feature and the associated sinkholes . Additional outcrop 
collapse features and weathered gypsum outcrops (gypsite) 
occur approximately a mile to the northwest . However, 
these features appear to be sourced by Chugwater gypsum 
beds . The pattern also appears to be offset by significant 
basement involved reverse faulting, parallel to and south-
west of the Boulder Ridge reverse fault (pl . 3) . Additional 
work is needed to accurately define the role of this faulting .
The recently identified Lone Tree Creek sinkhole likely 
developed from a subterranean void within a gypsum layer 
that is 20-30 feet thick in the upper Satanka Shale .  WSGS 
has identified significant gypsum beds of this type in the 
upper Satanka Shale about 50-100 feet below the base 
of the Forelle Limestone from electric logs of oil and gas 
well tests elsewhere in the southern Laramie Basin (figs . 
5 and 8) . WSGS has mapped Satanka gypsum outcrops 
in the same stratigraphic interval to the southwest at Red 
Mountain and in a gypsum quarry operated by Mountain 
Cement Company, approximately 8 miles northeast of the 
sinkhole site . Based on the measured depth of the Lone 
Tree Creek sinkhole and the well log and outcrop analyses 
of the Satanka Shale, a gypsum unit with thin shale inter-
beds likely occurs at the bottom of the Lone Tree Creek 
sinkhole . Based on the change in relief of nearly 20 feet, 
it would appear that most of the gypsum bed within the 
10 acre area near Lone Tree Creek has been removed by 
dissolution . 
As noted earlier, the development of evaporite karst requires 
a source of moving water, unsaturated with respect to 
CaSO4, to dissolve the gypsum and transport it away from 
the site of karst formation . WSGS calculated groundwater 
elevations for the potentiometric surface (fig . 12) from data 
obtained from the Wyoming State Engineer’s Office (SEO) 
Figure 11.  Photographs of sinkholes and collapse features 
in the Lone Tree sinkhole complex area: a) open sinkhole 
(stage 2) with water level visible at a depth of 35 feet in 
the complex, b) oblique aerial photo of complex (Google 
Earth), c) collapsed sinkhole with material still flowing 
into void (stage 3) located near collapse feature west of 
the complex, d) collapse feature and associated pond west 
of complex (Google Earth), and e) group of healed over 





E-Permit Database (http://seoweb .wyo .gov/e-Permit/ 
Common/Home .aspx) and photographic imagery from 
Google Earth (https://www .google .com /earth/) . Although 
the SEO groundwater level data was collected over several 
decades, the potentiometric surface shown (fig . 12) gener-
ally corresponds with the observations made in previous 
hydrogeological studies in the vicinity of Laramie (Lundy, 
1979; Moody, 2006; Taboga, 2006) . Most shallow ground-
water wells are completed in the first aquifer that produces 
sufficient quantities of good quality groundwater adequate 
to meet the intended use (Taboga and others, 2014a, b) . 
Thus, figure 12 shows the potentiometric surface of “first 
encountered groundwater” irrespective of the hydrostrati-
graphic unit(s) wherein wells are completed .
The potentiometric surface of the Lone Tree Creek area 
suggests that groundwater recharges in the Fountain and 
Casper formations and in upland alluvial areas along 
Antelope and Lone Tree creeks just down gradient of the 
contact with the Precambrian Sherman Granite (pl . 3) . 
Groundwater then flows to the northwest to discharge 
in sinkhole ponds, down gradient springs, and into the 
alluvium of the Laramie River . The large northwest and 
northeast striking faults and folds in the Lone Tree Creek 
area probably act as conduits for groundwater flow as evi-
denced by the parallel flow direction of groundwater . The 
close proximity of springs, seeps and lakes, and the shallow 
depths to groundwater in fault associated wells provides 
additional evidence of structural influence in the area . As 
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Figure 12.  Potentiometric surface for the southern Laramie Basin in the vicinity of the Lone Tree sinkhole complex .
16
is upward and groundwater likely flows into the Satanka 
and Chugwater formations from the Fountain and Casper 
formations, especially through the fractures associated with 
these structures . 
The WSGS sampled the standing water in the Lone Tree 
Creek sinkhole on June 30, 2015; the water chemistry anal-
ysis was completed by Wyoming Analytical Laboratories . 
The analysis (Appendix B) indicates that the sample has 
low concentrations of the major ions examined and a very 
low TDS concentration (257 mg/L) suggesting that the 
recharge area is in close proximity to the sinkhole site or 
that groundwater f lows rapidly from the recharge area 
through high conductivity conduits, possibly the southeast 
to northwest trending faults shown on plate 3 . Based on 
sulfate concentration, the Lone Tree Creek sinkhole water 
sample contains a maximum of 0 .14 gm/L of gypsum, well 
under the saturation solubility level of 2 .0 gm/L at 20° C .
Conditions in the Lone Tree Creek complex meet the four 
hydrologic factors (Johnson, 2008) required for the for-
mation of evaporite karst: 1) a gypsum deposit, 2) a water 
supply unsaturated with CaSO4, 3) outlets that discharge 
the water-evaporite solution, and 4) energy, in this case a 
hydraulic gradient . The springs and seeps observed in prox-
imity to geological structure likely serve as discharge outlets 
for gypsum enriched water and the hydraulic gradient in 
the area of the sinkhole is approximately 0 .01 .
The sinkhole is located on State land and its presence 
was reported to the Office of Wyoming State Lands and 
Investments and the grazing leaseholder . The opening was 
fenced off by the leaseholder and signs were posted warning 
of the danger of sinkholes in the area .
Simpson Springs sinkhole complex
A sinkhole complex near Simpson Springs was identified by 
Western Water Consultants, Inc . (WWC), a Laramie engi-
neering firm, in the summer of 1994 . The Simpson Springs 
sinkhole complex is located 0 .6 miles west of Simpson 
Springs and just south of Simpson Springs Creek (SW1/4, 
SW1/4, Section 34, T .15N ., R .73W .) on the Monolith 
Ranch owned by the City of Laramie (pl . 4) . Chris Moody, 
then an employee of WWC, investigated and described 
the open sinkhole and submitted a report with recommen-
dations to the City of Laramie in December of 1994 . The 
sinkhole was located east of a low ridge capped by Forelle 
Limestone and situated within the upper Satanka Shale . 
The area north and south of the sinkhole, along strike of 
the Satanka outcrop, exhibited numerous healed over and 
revegetated sinkholes in the fourth stage of development 
(fig . 10) . Examinations of the pond to the north using 
Google Earth imagery and from the ground reveal several 
circular open cavities, possibly subaqueous sinkholes . In 
addition, several late stage sinkholes occur adjacent to the 
pond on the west side and immediately to the north of 
Simpson Springs Creek (fig . 13) .
WWC investigated the site of the sinkhole in late August 
and September of 1994 . Todd Kincaid, a scuba diver who 
has extensive experience working in karstic Floridian 
aquifer systems, examined and measured the feature . The 
sinkhole was described as 42 feet deep to the top of the 
collapsed Satanka Shale pile that lay at the bottom (Moody 
1994) . Groundwater filled the lower portion of the cavity to 
within 16 feet of ground surface . Five feet of wavy gypsum 
was noted in the side wall of the sinkhole immediately 
above the rubble pile with red shale, siltstone, and sand-
stone making up the remainder of the sidewall up to the 
surface . The sinkhole was shaped like an inverted cone, 
narrow at the top with a 3 foot diameter opening and wider 
at the bottom, representing stage 2 in development (fig . 10) . 
The edge of the hole was not well supported due to under-
cutting . The sinkhole was fenced off to prevent livestock 
and human intrusion and has been recently backfilled .
The sinkhole likely formed from dissolution of the 
gypsum layer exposed in the sidewall and possibly under-
lying gypsum beds buried beneath the rubble zone . An 
upper Satanka gypsum seam, 20 feet thick, is mined at 
the Mountain Cement quarry, 3 .5 miles to the southwest . 
Todd Kincaid, the diver, said that he did not see any indica-
tion that the sinkhole was part of an interconnected cavern 
system but that it could eventually coalesce into a larger 
system . It is important to note that this is similar to the 
model suggested for the Lone Tree Creek complex . Water 
samples were collected at the top and bottom of the water 
column in the sinkhole . Analysis of the samples indicated a 
water chemistry dominated by calcium and sulfate which is 
characteristic of gypsum dissolution . Complete water anal-
ysis reports are included in Appendix B . A mapped fault 
runs subparallel to the Satanka/Forelle outcrop in the area 
and fractures associated with the Simpson Springs anticline 
(pls . 1 and 4) probably focus the groundwater flow in quan-
tities necessary to remove gypsum and create the sinkholes .
The potentiometric surface (fig . 14) shows that the Simpson 
sinkhole complex likely receives recharge from outcrops 
of the Casper Formation (pls . 1 and 4) exposed along the 
western flank of the Laramie Mountains (Taboga, 2006) . 
From there, groundwater flows westward where a portion 
discharges at Simpson Springs located at the south of the 
nose of the Simpson Springs Anticline 0 .3 mile west of the 
Casper-Satanka contact (Moody, 2006) . The hydraulic gra-
dient in the area of Simpson Springs is approximately 0 .015 .
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Figure 13.  Photographs illustrating sinkhole and collapse features in the Simpson Springs sinkhole complex: a) aeri-
al photo (Bing) of Simpson Springs sinkhole complex, b) open sinkhole (stage 2) on edge of collapsed area, c) small 
collapsed and partially healed over sinkhole (stage 3) south part of complex, d) circular opening of sinkhole with 
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Figure 14.  Potentiometric surface for the east flank of the southern Laramie Basin in the vicinity of the Simpson Springs 
sinkhole complex (Taboga, 2006) .
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A chemical analysis was conducted on a water sample 
obtained from the top of the standing water in the Simpson 
Springs sinkhole on September 14, 1994 . The analysis 
(Appendix B) indicates that the Simpson Springs sample 
had major ion and TDS (1,100 mg/L) concentrations that 
were higher than those observed in the Lone Tree sample . 
This may be the result of groundwater contact with a layer 
of subaqueous gypsum exposed in the Simpson Springs 
sinkhole at the time that the water sample was obtained 
(Moody, 1994) . Based on sulfate concentration (730 mg/L), 
the Simpson Springs water sample contains a maximum of 
1 .03 gm/L of gypsum, well under the saturation solubility 
level of 2 .0 gm/L at 20° C .
SUMMARY AND CONCLUSIONS 
This report is a description and characterization of identi-
fied gypsite deposits and modern karst features that occur 
in evaporite units in the southern Laramie basin . The 
intent is to inform the public, state and federal agencies, 
and local city and county planners of the presence of evapo-
rite karst features and the geologic and hydrologic environ-
ments associated with their occurrence within the southern 
Laramie basin . Geologic mapping at a scale of 1:24,000 
within the southern Laramie basin has enabled cursory 
identification and correlation of the occurrence of karst 
features including sinkholes, collapse features, and gypsite 
within bedrock outcrops containing gypsum beds in upper 
Satanka Shale, Forelle Limestone, and lower Chugwater 
formations .
Fault systems, fracture networks, and structural folds that 
extend into the Laramie basin from the Laramie Range 
and Boulder Ridge area, coupled with stratigraphic and 
lithological factors, appear to have a major influence on the 
concentration of groundwater flow necessary for the forma-
tion of the observed karst features . Two typical examples 
of karst development at the Lone Tree Creek and Simpson 
Springs sinkhole complexes are characterized by associated 
faulting, local folding, and abundant groundwater avail-
ability and flow concentration . Interaction with surface 
water appears to create collapse of surficial materials over 
subcrops of gypsum . Geologic evidence from identified 
and examined sinkhole features indicates that deep karst 
or sinkhole features developed approximately 40 to 60 feet 
below ground surface . These features are associated with 
the orientation of faults and fracture networks acting as 
major groundwater conduits flowing to the gypsum layers 
within primarily the thicker gypsum beds in the upper 
Satanka Shale .
Mapped gypsite deposits appear to be related to areas 
where faulting brings gypsum beds, primarily in the lower 
Chugwater Formation, to near ground surface . This allows 
associated springs and surface erosion to transport the 
gypsum down gradient forming the gypsite deposits in the 
Laramie area . Associated collapse features occurring in the 
city are both surface and groundwater related .
The hydrogeologic settings observed at the Lone Tree 
Creek and Simpson Springs sinkhole complexes are con-
sistent with the four geologic conditions required for the 
development of karst (Johnson, 2008): 1) the presence of a 
gypsum deposit, 2) a water supply unsaturated with CaSO4, 
3) outlets that discharge the water-evaporite solution, and 
4) a hydraulic gradient . Both sinkhole complexes are closely 
linked to geologic structures that likely conduct abundant 
quantities of low sulfate Casper Formation groundwater 
into overlying gypsiferous formations at hydraulic gradi-
ents of 0 .01 or higher . In addition, the associated gypsum 
beds are less than 100 feet below the surface and structural 
features including faulting and fracturing are identified at 
both localities, satisfying the geologic conditions necessary 
for development of karst features .
While collapse and sinkhole hazards are possible within 
the mapped areas of Satanka Shale, Forelle Limestone, and 
the Chugwater Formation and associated gypsite deposits 
highlighted in plate 1, the risk is most likely greater in those 
areas with high densities of identified sinkholes and other 
collapse features . Sinkhole hazard risks may also be higher 
in areas where near surface gypsum bearing formations 
occur and hydrogeologic and structural conditions similar 
to those observed at the Lone Tree Creek and Simpson 
Spring sinkhole complexes exist .
Additional work is needed in order to fully understand 
the processes leading to sinkhole and collapse occurrences 
within these geological conditions and accurately identify 
potential areas for karst related hazards within the southern 
Laramie basin . Additional geologic structural and strati-
graphic information, verification of existing structural 
interpretations, and a better understanding of the hydro-
logic model operating in the system is needed . Much of the 
structural geologic interpretation is based on analysis of 
early (1947 and 1966) aerial photography, with limited field 
investigation evidence in the area in and around the City of 
Laramie . Human activity over the last 150 years effectively 
masks the geology in the area . This additional research 
can be accomplished through more detailed structural and 
geologic mapping in identified and new areas; a detailed 
analysis of hydrologic data and associated modeling for 
the entire area of study is needed . Geophysical evaluation 
to determine geology and structure in the identified areas, 
masked areas, and new potential karst areas will also add 
to the understanding of the hazard . In addition, soil testing 
within the Laramie area would better define the boundaries 
of the gypsite deposits .
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Structural setting
The Laramie Basin is a Laramide synclinal depression 
located in southeastern Wyoming . It is bounded on the 
west by the Medicine Bow Mountains, on the north by 
the Como Bluff anticline, and on the east by the Laramie 
Mountains (fig . 3) . The syncline is asymmetrical with the 
steeper limb on the west side . Basin asymmetry resulted 
from east-verging movement on the Medicine Bow uplift, 
a reverse-faulted structure which overrode and folded the 
sedimentary rocks on the western flank of the basin . The 
eastern flank of the basin is characterized by shallower 
dips of the sediments on the western flank of the Laramie 
Mountains . Within the basin are several typical north to 
south trending Laramide-aged anticlinal structures that 
are mostly verging eastward out-of-the-basin, i .e ., toward 
the east flank and commonly bounded on the east or steep 
limb with high angle reverse faults . In addition to this 
Laramide reverse or thrust faulting, faults with significant 
strike-slip components are present (Stone, 1995) . The loca-
tion and character of the structural features on the western 
flank of the Laramie Mountains and the southern part 
of the Laramie basin can be instrumental in predicting 
the presence of potential evaporate related  karst geologic 
hazards in the Laramie area .
Rock units in the Laramie area regionally dip 3-5 degrees 
westward from the Laramie Range, and strike nearly north 
to south . The regional trend is interrupted locally by faults 
and folds (pl . 1) . The folds are mostly east-west trending 
anticlines and monoclines which plunge toward the west . 
The Quarry and Jack Rabbit anticlines and the lower 
hinge portion of Soldier monocline, southeast of the City 
of Laramie (pl . 2), are typical examples of these folds .
Faults, common along the east f lank of the Laramie 
basin, appear to have occurred during two tectonic epi-
sodes . During the first event, which probably took place 
during the late Cretaceous, concurrent with the formation 
of the westward trending folds, the predominantly north 
to northeast trending faults were formed . Compressional 
stresses directed in a northeasterly direction probably 
created these features with the faults exhibiting strike-
slip or horizontal motion in a right lateral sense, i .e ., the 
west block of the fault moving toward the northeast rela-
tive to the east block, coupled with some vertical displace-
ment . The Red Hills fault, located on the west flank of the 
Laramie Mountains (pls . 1 and 4), is an example of this 
type of fault . The offset on the Soldier monocline where it 
is cross-cut by the Red Hills fault is compelling evidence 
for right lateral movement on these types of faults (pl . 1) .
A second, later episode of faulting is indicated by the east- 
west trending faults on the western flank of the Laramie 
Mountains . These faults developed as a result of relaxation 
of the earlier compressional stresses, creating the east-west 
trending normal faults which are for the most part down-
thrown to the south . These faults commonly offset the 
earlier strike-slip faults or are present on the southern flanks 
of east-west trending folds . The numerous east-west trend-
ing faults, downthrown to the south are present on the 
southeast-east corner of the Laramie area (pl . 1) .
The Laramie fault trends primarily north-south in the 
study area, extending from Red Buttes northward through 
the city of Laramie (pls . 1, 2 and 4) . Kinematic indica-
tors on this fault are not readily observable at the surface 
because most of the fault trace is concealed by Quaternary 
deposits . However, unpublished data (personal commu-
nication from Chris Moody, then an employee of WWC) 
from water wells on both sides of the fault trace south of 
Laramie indicate that the fault is up-thrown on the western 
side . In addition, the presence of gypsum beds which source 
the gypsite deposits observed on the west side of the fault 
can only be explained by reverse movement on the fault . 
Although little observable evidence is recorded due to its 
poor exposure, it is probable that the Laramie fault had 
a component of right-lateral strike-slip motion . It is par-
allel to the Red Hills fault and likely created by the same 
north-northeast directed stresses . Locally, horizontal slick-
ensides have been noted on both of these faults . The pres-
ence of gypsite deposits in the area around Laramie High 
School and immediately north of Laramie on trend with 
the Laramie fault suggest that it extends north through 
Laramie and beyond . The associated Sherman Hills fault 
oriented east-west and splaying into the Laramie fault on 
the south side of Laramie (pls . 1 and 2), is a reverse fault 
verging toward the south (based on shallow seismic evi-
dence reported by Chris Moody) . This type of motion 
is consistent with the effect of drag on the east block of 
a right-lateral strike-slip fault and is further evidence of 
shear motion on the Laramie fault . The west splay of the 
Laramie fault in north Laramie is marked by a collapsed 
sinkhole visible on 1947 aerial photography (fig . 6) . The 
sinkhole, which was subsequently backfilled, was located 
at the intersection of East Reynolds and North Coughlin 
streets, immediately north of the current UniWyo Federal 
Credit Union . Additionally, spring activity immediately 
to the north of the collapsed and filled sinkhole marks the 
trace of the west splay of the Laramie fault (fig . 6) . The 
occurrence of numerous springs along the Laramie fault 
trace has made it a prime target for shallow groundwater 
well tests .
In the southern Laramie basin, the major structural fea-
tures include the Boulder Ridge reverse fault/anticline and 
the southern end of the Red Hills fault (pls . 1 and 3) . The 
Boulder Ridge feature starts at the southeastern end of the 
basin and trends toward the northwest, plunging into the 
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center of the basin . This structure is asymmetrical with the 
steep limb on the northeast flank and it is cored with a high 
angle reverse or thrust fault verging toward the northeast . 
This feature may have had its origin as a left-lateral strike-
slip fault during Precambrian time (Sims, 2009) and was 
later reactivated during the Laramide event with southwest 
to northeast oriented principal horizontal stress forming the 
asymmetrical reverse faulted feature we see today . The Red 
Hills fault system may also have its origin as a fracture/fault 
system associated with the Boulder Ridge Precambrian 
strike-slip fault, formed and intruded with north-south 
trending diabase dikes during the Precambrian, and reacti-
vated as a right-lateral strike-slip fault during the Laramide . 
The diabase dikes would have formed a zone of weakness 
along which the Laramide shearing could have taken place . 
The Laramie fault, parallel to and west of the Red Hills 
fault, has a potentially similar early history .
Numerous faults and major fractures trend toward the 
northwest, sub-parallel to the Boulder Ridge fault on the 
west flank of the Boulder Ridge anticline . As discussed 
in detail previously, these features serve as conduits for 
groundwater recharge in the southern part of the Laramie 
basin and probably redirect groundwater flow toward the 
northwest . The groundwater dissolved gypsum beds thus 
created voids and eventually, the sinkhole and collapse fea-
tures west of Boulder Ridge, near Sportsman’s Lake Road .
Stratigraphic setting
Sedimentary rocks within the Laramie basin range from 
Pennsylvanian to Quaternary in age and include forma-
tions from the Pennsylvanian Fountain Formation to the 
Tertiary Wind River Formation (fig .4) . In the northern 
part of the basin, the total thickness of the sedimentary 
section is approximately 14,500 feet, including the Wind 
River Formation down to the base of the Casper/Fountain 
Formation . In the study area, the thickness of the sedimen-
tary section is closer to 2,200 feet . The units of primary 
interest in this study due to their gypsum content are the 
Permian Satanka Shale, the Permian Forelle Limestone, 
and the Triassic/Permian Chugwater Formation as defined 
by Darton and Seibenthal (1909) . These units are illus-
trated, including lithology, on the type-log in (fig . 5) .
Satanka Shale
The Permian Satanka Shale crops out on the eastern and 
southern flanks of the Laramie basin in the study area (pls . 
1, 2, 3, and 4) . Buff to red, fine-grained sandstone with 
ripple marks, interbedded with thin white limestones and 
minor gypsum beds make up the lower 50-100 feet of the 
Satanka Shale . The upper part of the unit is characterized 
by brick red siltstone, friable red sandstone, and red shale 
which are commonly banded with white and ocher color 
zones . Gypsum beds are present in the upper part of the 
section, typically 50-100 feet from the top (fig . 5) . A fos-
siliferous limestone unit about 1 foot thick occurs at the 
base of this gypsum unit at most localities (Darton and 
Seibenthal, 1909) . Thickness ranges from 260 feet near 
Red Buttes (Nicoll, 1963) to nearly 350 feet in the subsur-
face further west in the basin . Well data indicates a 320-
foot thickness in the Laramie area . The Satanka Shale is 
considered to be primarily marine with some evidence of 
continental deposition in the lower part of the unit . The 
contact with the underlying Casper Formation is discon-
formable (Nicoll, 1963) .
Forelle Limestone
The Permian Forelle Limestone is a relatively thin, resistant 
limestone unit which forms a low ridge along the eastern 
and southern flanks of the Laramie basin (pls . 1, 2, 3, and 
4) . It is a gray to purple, thin bedded, sparsely fossilifer-
ous limestone locally interbedded with red siltstone and 
thin gypsum laminations (figs . 5 and 8) . Dissolution of 
the gypsum in the outcrop causes collapse of the limestone, 
producing wavy, broken outcrops resembling algal struc-
tures . Minor landslides are common on Forelle dip slopes 
east of Laramie, with the limestone unit detaching from 
the underlying Satanka Shale . Thickness ranges from 10 
to 30 feet . In this portion of the Laramie basin the Forelle 
is interpreted (Nicoll, 1963) as a marine transgressive 
sequence . The contact with the underlying Satanka Shale 
is considered conformable .
Chugwater Formation
The Triassic/Permian Chugwater Formation (Darton, 
1909) forms a prominent thick redbed unit along the 
eastern and southern f lanks of the Laramie basin and 
underlies much of the city of Laramie (pls . 1 and 2) . The 
Chugwater is composed of red shale and siltstone with 
interbedded red to salmon to buff, fine-grained sand-
stone . The lower portion of the formation contains red 
shale interbedded with thin to thick gypsum beds (figs . 5 
and 8), local solution breccia, and banded, wavy, gypsif-
erous, thin limestone, sometimes mistaken for part of the 
Forelle Limestone (pls . 1, 2, 3, and 4) . This portion of the 
Chugwater, along with the underlying Forelle Limestone 
and Satanka Shale, is mapped as the Goose Egg Formation 
west and north of the Laramie Basin .
The upper portion of the Chugwater, as defined by Darton, 
is equivalent to the Triassic Red Peak Member and is 
interpreted as shallow tidal marine and the lower portion 
(Permian upper Goose Egg equivalent) as marine (Picard, 
1993), although few marine fossils have been recognized 
suggesting a tidal marine to littoral depositional environ-
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ment . The contact with the underlying Forelle Limestone is 
considered conformable and the contact with the overlying 
fluvial Jelm Formation is unconformable (Picard, 1993) . 
Thickness ranges from 620 to 800 feet in the Laramie 
basin and ranges between 620 to 680 feet within the study 
area, based on subsurface measurements from well logs .
Hydrogeologic setting 
The general hydrogeology of the Laramie basin is char-
acteristic of other Laramide structural basins that occur 
widely throughout Wyoming (Huntoon, 1983) . Typically, 
groundwater in Laramide basin bedrock aquifers originates 
in the surrounding mountain ranges as infiltrating precip-
itation, or recharge, into Paleozoic and early Mesozoic sed-
imentary aquifers that outcrop along the mountain flanks 
and along the perimeters of the adjacent structural basin . 
Groundwater circulation, controlled by the basinward dip 
of these aquifers, is strongly influenced by geologic struc-
tures such as large displacement thrust faults, reverse-fault-
cored anticlines, and associated fractures that developed 
during Laramide compressional deformation (Huntoon, 
1993) . Groundwater circulation commonly enhances the 
permeability of these structures by way of the dissolu-
tion mechanisms briefly described previously . Generally, 
enhanced circulation does not continue as these aquifers 
dip basinward below younger geologic units . Permeability 
in these units is reduced rapidly by geologic processes 
driven by the increased pressure and heat that result from 
progressively deeper burial . As a result of the rapid reduc-
tion in permeability, excess groundwater is discharged to 
springs usually located a few miles below the base of the 
highlands (mountains) .
In Laramide structural basins, complex relationships 
between streamflows and groundwater are controlled by 
geologic structure, hydraulic properties of the streambed 
and adjacent aquifers, and climate . Faults and fractures 
associated with Laramide structures provide fluid migra-
tion pathways between surface water and groundwater 
along mountain flanks and basin perimeters . Headwater 
discharges from crystalline geologic units, such as granite, 
recharge downstream exposures of permeable sedimentary 
aquifers and alluvial deposits . If located near the mountain 
base where precipitation rates are lower, such surface water 
inflow, called mountain front recharge, may constitute the 
primary source of recharge for the receiving sedimentary 
and alluvial aquifers (Wilson and Guan, 2004) . In contrast, 
farther into the basin, the same streams typically receive 
groundwater discharges from springs . Commonly, a stream 
has both gaining (receives groundwater inflows) and losing 
(contributes outflows to groundwater) reaches depending 
on the difference in water levels (heads) between the stream 
and adjacent aquifers . Climatic properties such as seasonal 
variations in precipitation, air temperatures and evapo-
ration levels also affect the hydraulic exchanges between 
surface and groundwater .
The hydrologic settings of the areas examined in this report 
are consistent with the general Laramide basin concep-
tual model . Surface water flows and groundwater recharge 
along the rim of the Laramie Basin originate largely as pre-
cipitation that falls on the adjacent flanks of the Laramie 
Mountains . Due to the effects of elevation, annual pre-
cipitation levels in the mountains average about 26 inches 
compared to 11 inches in the basin interior . Further, a sig-
nificant proportion of mountain precipitation falls in the 
form of snow and is stored as snowpack . Median measure-
ments for 1981–2010 made at the SNOTEL precipitation 
monitoring site at Crow Creek in the Laramie Range, indi-
cate that snowpack typically reaches peak levels of water 
content (7 .0 inches) in the first week of April and then melts 
completely within three weeks (http://www .wcc .nrcs .usda .
gov/snow/index .html) . During that time, mountain vege-
tation is still in a quasi-dormant state, rates of evapotrans-
piration are relatively low, and soils have newly thawed, so 
much of the melted water infiltrates exposed rock outcrops 
or flows from mountain headwater streams to recharge 
alluvial deposits in the basin . In contrast to mountain 
flows, the reduced permeability of basin soils, lower pre-
cipitation rates, and the high efficiency with which semi-
arid types of vegetation can utilize sporadic precipitation 
restrict the amount of water available for recharge in the 
basin interior . 
Mountain precipitation is transported into the south-
ern Laramie basin through two hydrostratigraphic units 
exposed along the mountain’s f lanks . The oldest and 
most massive unit is composed of uplifted and exposed 
Precambrian crystalline basement rocks that form the 
core of the Laramie Mountains . The Precambrian unit, 
composed primarily of Sherman Granite, outcrops at the 
southern end of the Laramie basin . Intergranular porosity 
(primary porosity) in the granite is negligible; groundwater 
storage and circulation are limited mainly to shallow frac-
tures that discharge to springs that confluence into higher 
order streams . The second unit, the Paleozoic Casper 
aquifer, directly overlies the Precambrian rocks along the 
western and northern flanks of the Laramie Range . This 
second unit is composed of Fountain and Casper forma-
tions in the southern flanks of the basin . In contrast to the 
Precambrian rocks, the Casper/Fountain aquifer, a strati-
graphically complex sequence of alternating sandstones and 
limestones, exhibits considerable levels of both intergranu-
lar and fracture porosity .  
In the basin, the hydrogeology is made more complex by 
stratigraphy (fig . 4) and geologic structure . Basinward, 
the gross hydrostratigraphy of the southern perimeter of 
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the Laramie basin consists of a succession of alternating 
Mesozoic shales and sandstones . Shale rich units such as 
the Satanka Shale, Chugwater Formation, Mowry and 
Thermopolis Shales, Niobrara Formation and Steele Shale 
act as aquitards . Formations dominated by sandstones such 
as the, Casper, Jelm, Sundance, Morrison, Cloverly, and 
Frontier formations serve as aquifers . In the basin, expo-
sures of these bedrock units are largely covered by allu-
vial and colluvial deposits, most notably in proximity to 
the floodplain of the Laramie River . In addition, geologic 
structures such as strike-slip, thrust, and normal faults, 
reverse-fault-cored anticlines and monoclines of Laramide 
age and later, inf luence the quantity and direction of 
groundwater flows from mountain flank to basin interior .
To illustrate the differing potentials of the area’s dominant 
mountain and basin geologic units to provide recharge to 
the gypsiferous formations discussed in this report, WSGS 
conducted a straightforward GIS analysis using a simplified 
water budget approach (Fetter, 2001) . WSGS subtracted 
modeled average evapotranspiration rates (Sanford and 
Selnick, 2013) from average precipitation rates (PRISM, 
2013) for Redbed and Casper formation exposures to esti-
mate the remaining amount of annual precipitation avail-
able for recharge . The analysis indicates potential recharge 
in Casper and Fountain formation outcrops averages about 
2 .0 inches/year compared to 0 .3 inches/year in Redbed 
exposures . Other factors such as surface water flows, water 
use and changes in groundwater and surface water storage 
are small and may reasonably be ignored .
The potentiometric surface constructed for the eastern 
Laramie basin (fig . 14) illustrates the hydrogeologic 
setting for the city of Laramie, gypsite deposit sites, and the 
Simpson sinkhole complex . The figure shows the potentio-
metric surface of “first encountered groundwater” irrespec-
tive of the hydrostratigraphic unit(s) of well completion . In 
Wyoming, most shallow groundwater wells are completed 
in the first aquifer that produces sufficient quantities of 
good quality groundwater adequate to meet the intended 
use (Taboga and others, 2014a, b) . The potentiometric 
surface in figure 14 was generated from data obtained 
during November 2005 (Taboga, 2006) . 
Figure 14 shows that along the eastern margin of the 
Laramie structural basin, groundwater flows from topo-
graphic highs of the Laramie Mountains toward the 
basin interior . Groundwater recharges along outcrops 
of the heavily fractured Casper Formation (pls . 1 and 2) 
exposed along the western flank of the Laramie Mountains 
(Taboga, 2006) and then flows westward where a portion 
discharges at fault associated springs and seeps located at 
or a short distance west of the Casper-Satanka contact 
(Moody, 2006) . More importantly, because groundwater 
head in the Casper aquifer is higher than in the overlying 
Redbed formations, a sizeable fraction of Casper aquifer 
groundwater discharges upward into the Satanka, Forelle 
and Chugwater formations through fractures associated 
with folds and faults (Moody, 2006) . Those same faults 
and folds redirect downgradient groundwater flows also 
because of their enhanced conductivity (Huntoon and 
others, 1979) .
Enhanced groundwater flows through the fractures associ-
ated with faults and anticlinal structures likely determine, 
in part, the occurrence and location of gypsite deposits west 
of the Laramie fault . The presence of actively discharging 
springs and seeps in proximity to high-grade gypsite fan 
deposits (pl . 1 ) strongly suggests that groundwater trans-
ports gypsum in solution from Satanka and Chugwater 
deposits to the surface to be reworked and scattered down 
gradient by wind and surface water erosion . 
The hydrogeology of the southeastern basin margin can be 
summarized as follows . Recharge occurs primarily in the 
Casper Formation where it is exposed along the northern 
and western flanks of the Laramie Mountains (pl . 1), and, 
in the south, from high country streams that emerge from 
Sherman Granite outcrops and flow northward across allu-
vial deposits . From these recharge areas, groundwater flows 
basinward through the gypsiferous Satanka, Forelle and 
Chugwater formations to discharge to the Laramie River 
and nearby lakes, springs and tributary streams .
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Appendix B:   Water analyses from sinkholes 
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Water analysis from open sinkhole in the Lone Tree Creek sinkhole complex.
30
Water analysis from open sinkhole in the Simpson Springs sinkhole complex, sampled at the top of water 
surface.
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Interpreting the past , providing for the future

Mesozoic a nd  Paleozoic sed imenta ry rocks    
 
Kcv Cloverly Formation (Lower Cretaceous)— Basal tan to white coarse-grained sandstone and chert-
pebble conglomerate, localy cross-bedded and overlain by variegated buff and purple 
claystones interbedded with thin black  shale beds, and an upper gray to buff to brown, fine- to 
coarse-grained sandstone, cross-bedded in lower part. T hick ness 100 to 120 feet (30 to 37 m) 
 
Jm Morrison Formation (Upper a nd  Mid d le Jurassic)— Pale-green, olive-green, blue-green to 
maroon, and chalk y white variegated calcareous and bentonitic claystones interbedded with thin 
drab limestones and buff, non-resistant sandstones. Limestone localy contains orange to brown 
chert inclusions. A thin section of S undance Formation may exist in the area, but due to few and 
poor exposures, it is mapped with the Morrison. T hick ness 300 to 375 feet (91 to 114 m) 
 
!Pc Chugwater Formation (Triassic a nd  Permia n)— Red shale and siltstone with interbedded red to 
salmon to buff, fine-grained sandstone. Lower part of section contains red shale interbedded 
with thin to thick  gypsum beds and banded, wavy, gypsiferous thin limestone sometimes 
mistak en for part of the Forele Limestone. T his part of the Chugwater along with the 
underlying Forele Limestone and S atank a S hale would be mapped as Goose Egg Formation 
west of the Laramie Basin. Localy, some possible thin erosional outliers of Jelm Formation 
sandstone may occur, but due to their lack of persistence, they are mapped with the Chugwater. 
T hick ness 650 to 800 feet (200 to 240 m) 
 
Pf Forele Limestone (Permia n)— Gray to purple, thin bedded, sparsely fossiliferous limestone localy 
interbedded with red siltstone and thin gypsum laminations. W avy outcrops resembling algal 
structures common. Landslides are common on Forele dip slopes with the unit detaching from 
the underlying S atank a S hale. T hick ness 10 to 30 feet (3 to 9 m) 
 
Ps Sata nka Shale (Permia n)— Red siltstone and shale (often banded with white and ocher zones), soft 
sandstone, thin limestone beds, and local gypsum beds, especialy near the top. Buff to orange to 
red, fine-grained sandstone with ripple mark s common near base of unit. Gypsum beds in the 
S atank a are currently being mined in the Red Buttes area to the south of this map. T hick ness 
250 to 300 feet (76 to 91 m) 
 
Q uaterna ry surficial d eposits 
 
Q a Aluvial d eposits (Holocene)— Unconsolidated and poorly consolidated clay, silt, sand, and gravel, 
mainly in flood plains and lowest stream terraces. T hickness approximately 0 to 25 feet (0 to 7.6 m) 
 
Q s Wind blown sa nd  d eposits (Holocene/Pleistocene)— Active and stabilized dunes, made up of very 
fine-to fine-grained sand. Although numerous unmapped smal-scale examples occur within the 
map area, the only mapped example occurs in the south portion of the S herman Hils 
development east of Laramie. T hick ness approximately 0 to 15 feet (0 to 4.6 m) 
 
Q ac Mixed  aluvium a nd  coluvium (Holocene/Pleistocene)— S and, silt, clay, and gravel deposited 
mainly along intermittent streams; includes slope wash and smaler aluvial fan deposits that 
coalesce with aluvium. Localy, includes unmapped gypsite deposits in the north Laramie area 
near the high school and junior high school. T hick ness approximately 0 to 20 feet (0 to 6 m) 
 
Q at Mixed  aluvium a nd  terrace d eposits (Holocene/Pleistocene)— Unconsolidated and poorly 
consolidated clay, silt, sand, and gravel, representing a transition zone between aluvium and 
terrace deposits, mainly adjacent to the Laramie River. T hick ness approximately 0 to 30 feet (0 
to 9 m) 
 
Q f Aluvial fa n d eposits (Holocene/Pleistocene)— Poorly sorted clay, silt, and gravel; crudely bedded 
to non-bedded. Appear to be active, receiving sediments from intermittent streams flowing off 
the Laramie Mountains. May have some debris flow component. Grade into terrace deposits 
toward west, approaching the Laramie River. Localy, grade into aluvium and coluvium. 
T hick ness 0 to 25 feet (0 to 7.6 m) 
 
Q t Terrace d eposits (Holocene/Pleistocene)—Beds of coarse sand and gravel with occasional 
boulders and lenses of silt and clay. Includes fragments of weathered granite and limestone 
cobbles, predominance varies depending on feeding stream source. Occur along present 
drainages, a few feet (0.6 m) to over 35 feet (11 m) above modern floodplains. T hick ness 
approximately 0 to 10 feet (0 to 3 m) 
 
 Land slid e d eposits (Holocene/Pleistocene)— Block s of bedrock or loose slope debris; arrows on 
the map point in the inferred direction of movement. Occur in the Forele Limestone, detaching 
at the contact with the underly ing S atank a S hale 
 
Q g p Gypsite d eposits (Holocene/Pleistocene)— Unconsolidated clay-sized gypsum interbedded with red 
clay, sand, gravel, and limestone cobbles. Located in stream valeys immediately west of the 
Laramie Fault, probably related to erosion of gypsum beds of the lower Chugwater Formation 
and upper S atank a S hale which were brought to the surface or near surface by the Laramie Fault 
and associated springs. T hick ness approximately 0 to 20 feet (0 to 6 m) 
 
Q of Old er aluvial fa n d eposits (Holocene/Pleistocene)— Poorly sorted clay, silt, sand, and gravel; 
crudely bedded to non-bedded with some debris flow component. Limestone cobbles are 
common. Currently inactive and dissected, often occurring as erosional remnants. Grade into 
older terrace deposits toward the west, in the northern part of the map area. T hick ness 0 to 10 
feet (0 to 3 m) 
 
Q ot Old er terrace d eposits (Holocene/Pleistocene)— Beds of coarse sand and gravel with occasional 
boulders and lenses of silt and clay. Limestone cobbles are common. Often occur as erosional 
remnants ranging from 20 to 100 feet above present stream flood plains. Some remnants may 
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 Casper a nd  Founta in formations, und ivid e d  (Permia n a nd  Pennsylva nia n)— Combined unit not 
mapped on this quadrangle; see detailed descriptions below.  Buff to reddish, calcareous to 
quartzitic, very fine- to coarse-grained, wel-cemented subark osic sandstone interbedded with 
buff to purplish-gray limestone and dolomite beds, usualy micritic and localy fossiliferous. 
S andstone often exhibits large-scale festoon cross-bedding, increasing toward the south. As 
many as 10 distinct limestone or dolomite beds, which are localy quarried for cement or gravel 
uses, have been identified in the Casper in the Laramie area (Benniran, 1970). T he Casper 
Formation serves as the prime aquifer for the city of Laramie. T hick ness 600 to 700 feet (180 to 
210 m) (Benniran, 1970, and K irn, 1972) 
 
  Casper/Founta in subd ivisions— Benniran (1970) subdivided the formation into separate 
informal members based on 10 distinct limestone units (limestone 10 is the highest 
stratigraphicaly and the youngest, limestone 1 is the lowest stratigraphicaly and the oldest) that 
are separated by sandstones (Fig ure 1). T he sandstone units act as local aquifers. Lundy (1978) 
combined the limestone units into five informal members (epsilon, delta, gamma, beta, and 
alpha) based upon local, confined aquifer pack ages (Fig ure 1) 
 
   Epsilon member (Permia n)— T he youngest Casper Formation member; capped by 
limestone 10 (occurs south of the mapped area) and a sandstone unit that grades into the 
overlying S atank a S hale. Consists of red to pink, medium- to fine-grained sandstone, mostly 
covered in the Laramie area. Overal thick ness of this member 22 to 30 feet (6.7 to 9.1 m) 
 
   Delta member (Permia n)— Includes limestones 9 and 8 and two separate sandstone units. 
Limestone 9 is an 8- to 10-foot (2.4- to 3.0-m)-thick , white-gray to pink, massive, fractured 
limestone that caps the member. A reddish-brown to buff, thinly laminated, thick  sandstone 
separates the two limestones of the delta member. Limestone 8 is a pink to light-gray, massive, 
fractured 12-foot (3.7-m)-thick  limestone that crops out mostly at the base of the Laramie 
Mountains. A light-tan to red, calcareous, cross-laminated, porous sandstone 40 to 55 feet (12 to 
17 m) thick  lies beneath limestone 8. Overal thick ness of delta member is 80 to 112 feet (24.4 
to 34.1 m) 
 
   Gamma member (Permia n)— Includes limestones 7 and 6 and two separate sandstone 
units. Limestone 7 is an extensive unit, 17 to 18 feet (5.2 to 5.5 m) thick , that forms prominent 
ridges and the main dip slope of the western Laramie Mountains, as wel as caps the gamma 
member. It has a tan to buff, dolomitic base overlain by a sandy gray ish limestone. Limestone 6 
is a dense, fossiliferous limestone, 6 to 8 feet (1.8 to 2.4 m) thick , that is only present in the 
northern part of the Pilot Hil map area. A pink to red, fine- to medium-grained, friable, 
calcareous sandstone, 50 to 60 feet (15 to 18 m) thick , extends from the base of limestone 7 to 
the top of limestone 5 except where it is divided by limestone 6. Overal thick ness of gamma 
member 73 to 86 feet (22 to 26 m) 
 
   Beta member (Permia n a nd  Pennsylva nia n)— Includes limestones 5 and 4 and two 
separate sandstone units. Limestone 5 is a finely crystaline, purple to pink, dense, highly 
fractured limestone, 8 to 12 feet (2.4 to 3.7 m) thick , that weathers to dark  gray and caps this 
member. A light-brown to tan-red, calcareous, fine-grained, friable, 25- to 30-foot (7.6- to 9.1-
m)-thick  sandstone separates limestones 5 and 4. Limestone 4 has a buff to tan dolomitic base 
that grades upward into light-gray to purple, dense, ridge-forming limestone, 18 to 26 feet (5.5 
to 7.9 m) thick . Below limestone 4, a thick  [90 feet (30 m)], red to buff, moderately resistive, 
extremely calcareous, thick , moderately sorted sandstone layer forms the base of the beta 
member. North of Rogers Canyon (on adjacent quadrangles) entire member is Permian in age. 
Overal thick ness of this member 141 to 158 feet (43.0 to 48.2 m) 
 
   Alpha member (Pennsylva nia n)— S hown on cross section only; does no crop out in the 
Laramie 1:24,000 quadrangle, but the member is mapped in the Pilot Hil quadrangle to the east. 
T he oldest member of the Casper Formation includes limestones 3, 2, and 1 and three separate 
sandstone units, the lowest of which grades into the underlying Fountain Formation, which 
  which forms the base of this member. Limestone 3 at the top of the Alpha member is one of the 
more prominent limestones in this section of the Casper Formation. T he base of the 29- to 40-
foot (8.8- to 12-m)-thick  limestone 3 is light-tan to brown sandy dolomite, fining upwards into a 
purple-pink carbonate that weathers gray and forms ridges. A light-brown to reddish-brown, 
poorly sorted, fine-grained sandstone unit, 75 to 80 feet (23 to 24 m) thick , separates limestone 
3 from limestone 2. Limestone 2 is a thin [8 to 12 feet (2.4 to 3.7 m)], pink to purple, sandy unit 
that is mostly covered in the map area. A pink to brown, calcareous, cross-laminated, medium-
sorted, fine-grained sandstone, 65 to 80 feet (20 to 24 m) thick , separates limestones 2 and 1. 
Limestone 1 is a purple to pink, massive, fossiliferous, sandy unit, 9 to 13 feet (2.7 to 4.0 m) 
thick . T he unit below limestone 1 is a tan, pink, and red, cross-bedded, medium-grained 
sandstone that interfingers with thin [up to 1 inch (3 cm)] thick , sandy limestones. T he basal 
sandstone unit, 80 to 150 feet (24 to 46 m) thick , is slightly arkosic; more so as it grades into the 
Fountain Formation. Overal thick ness of the Alpha member 266 to 375 feet (81.1 to 114 m) 
 
   Founta in Formation (Pennsylvania n)--Coarse-grained pink to red to purple sandstone 
and arkose, with some conglomerates, siltstones and shales. Interfingers with and underlies 
Casper Formation, thinning to the north and pinching out near Rogers Canyon northeast of the 
Laramie quadrangle. For mapping purposes, the Fountain Formation was included with the 
alpha member, which is entirely in the subsurface on the quadrangle. T he Fountain Formation 
lies unconformably on top of Precambrian basement rock . Possibly deposited by an aluvial 
plain or a series of coalescing fans at the base of the Ancestral Rock ies. Approximately 30 feet 
(9 m) thick  at Pilot Hil (Benniran, 1970) 
 
Mid d le Proterozoic g ra nitic a nd  metamorphic rocks 
 
Y s Sherma n Gra nite— S hown on cross section only. W here it crops out east of the map area, it is 
medium- to coarse-grained, pink to orange, biotite hornblende granite, sy enogranite, quartz 
monzonite, and granodiorite. T he S herman Granite has been dated at 1,430 +20 Ma (Mega-
annum or milion years before present) by a Rb-S r whole rock  isochron (Z ielinsk i and others, 
1981) 
DESCR IPTION OF MAP UNITS
                       MAP SY MBOLS 
Formation contact— Dashed where approximately located 
 
Fault— Dashed where approximately located, dotted where concealed. Bar and bal on 
downthrown block; arrows indicate relative direction of oblique-slip movement 
 
R everse fault— Dashed where approximately located, dotted where concealed. S awteeth on 
upthrown block  
 
Anticline— T race of axial plane and direction of plunge determined by field dip measurements 
and by photo interpretation, dashed where approximately located 
 
Monocline— T race of axial plane as determined by field measurements and by photo 
interpretation; dashed where approximately located; short arrow denotes steeper 
dipping limb 
 
Strike a nd  d ip of bed s— showing angle of dip 
 
Strike a nd  d ip measurements from Lund y (1978) 
 
Cross section location— Line of section; Y s, S herman Granite (Middle Proterozoic), is shown 
on the cross section only as it does not crop out in map area; circled letters next to 
faults indicate strik e-slip component of movement,      is toward observer and     is 
away from observer 
 
Surface mines a nd  qua rries— Outline of quarry or pit where bedrock has been disturbed, 
removed, or reclaimed as of June 1998. Solid boundary indicates active operation, 
dashed line indicates inactive or abandoned operation. Includes company name (for 
active operations) and commodity mined 
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Geo lo gy m a pped in  1993; revised a n d pub lished in  digita l
fo rm a t in  1998; m em b ers o f the Casper Fo rm atio n  were 
m a pped in depen ta n tly usin g Lun dy's (1978) c lassific a tio n  
sc hem e (Figure 1) a n d m ap a s a  guide in  2008-09.
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FIGUR E 1 
S chematic relationship between Lundy’s (1978) informal members of the Casper Formation and the Casper 
limestones (1-10) as defined by Benniran (1970) in the vicinity of Laramie, W yoming.  Map area fals 
within diagram, but not al units crop out in the map area. 
1 0 10.5 K ilo m eters
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NOTICE FOR OPEN FILE REPORTS PU BLISHED BY THE WSGS 
 
This W SGS Open File R eport has not been technicaly reviewed or edited for conform ity with W SGS 
standards or Federal Geographic Data Com m ittee digital cartographic standards. Open File R eports are 
prelim inary and usualy require additional fieldwork and/or compilation and analysis; they are m eant to be 
a first release of inform ation for public com m ent and review. The W SGS welcom es any com m ents, 
suggestions, and contributions from users of the inform ation. 
 
DESCRIPTION OF MAP U NITS 
 
Quaternary surfic ial deposits 
 
Qa Alluvial deposits (Holocene)—U nconsolidated to poorly consolidated clay, silt, sand, and gravel, 
m ainly in flood plains and lower stream terraces. Aluvial m aterial is derived from al local 
geological units. Thickness approxim ately 0 to 50 feet (15 m) (Nicol, 1963) 
 
 Terrace deposits (Holocene and Pleistocene)—Beds of coarse sand and gravel with occasional 
boulders and lenses of silt and clay. Include fragm ents of weathered granite and lim estone cobbles, 
predom inance varies depending on feeding stream source. Occur along present drainages, a few 
feet (0.6 m) to over 35 feet (11 m) above modern floodplains. Thick ness approxim ately 0 to 10 
feet (3 m) 
 
Qs Windblown sand  deposits (Holocene)—Active and stabilized dunes, m ade up of very fine to fine-
grained sand sourced by Casper Form ation and Fountain Form ation sandstones. Buff to gray to 
reddish, localy covered with patchy vegetation. Dunes are prim arily deposited around vegetation, 
bedrock  outcrops, and in sm al washes and topographic lows. Thickness 0 to 15 feet  (5 m) 
(Nicol, 1963) 
 
Qac Mixed alluvium  and colluvium  (Holocene and Pleistocene)—Sand, silt, clay, and gravel deposited 
along interm ittent stream s; includes slope wash and sm aler aluvial fan deposits that coalesce with 
aluvium. Thickness 0 to 50 feet (15 m) (Nicol, 1963) 
 
Qg p Gypsite deposits (Holocene and Pleistocene)—U nconsolidated clay-sized gypsum interbedded with 
red clay, sand, gravel, and lim estone cobbles. Located in proxim ity to faults, probably related to 
fluid movem ent and erosion of gypsum beds of the lower Chugwater Form ation and Satank a 
Form ation. Thickness approxim ately 0 to 9 feet (2 m) 
 
Qof Older alluvial fan deposits (Pleistocene)—Poorly sorted clay, silt, sand, and gravel; crudely bedded 
to non-bedded with som e component of debris flow. Include boulders and cobbles of local 
geologic units. Currently inactive and dissected, often occurring as erosional remnants. Thickness 
0 to 10 feet (3 m) (Nicol, 1963) 
 
Qot Older terrace deposits (Pleistocene)—Beds of course sand and gravel with occasional boulders and 
lenses of silt and clay. R esistant lim estone and granite m aterial occur as rounded, wel-weathered 
boulders and gravels. Often occur as erosional remnants ranging from 20 to 300 feet (6 to 91 m) 
above present stream flood plains. Som e remnants m ay actualy be older aluvial fan remnants. 
Thickness 0 to 10 feet (3 m) (Nicol, 1963) 
 
Lower Cretaceous sed im entary rocks 
 
Kcv Cloverly Form ation (Lower Cretaceous)—Basal tan to white coarse-grained sandstone and chert 
pebble conglom erate, localy crossbedded and overlain by variegated buff and purple claystones 
interbedded with thin black  shale beds, and an upper gray to buff to brown, fine- to coarse-grained 
sandstone, crossbedded in lower part of the form ation. Thick ness 100 feet (30 m) (V er Ploeg and 
Boyd, 2007) 
 
Jurassic sed im entary rocks 
 
 Morrison Form ation (U pper and Mid d le Jurassic)—Pale-green, olive-green, blue-green to m aroon, 
and chalk y white variegated calcareous and bentonitic claystones interbedded with thin drab 
lim estones and buff, non-resistant sandstones. Lim estone localy contains orange to brown chert 
inclusions.  Includes about 50 feet (15 m) of Sundance Form ation at the base; olive-drab, 
glauconitic sandstone and shale not m apable due to poor exposures. Thickness 350 feet (107 m) 
(V er Ploeg and Boyd, 2007) 
 
 Triassic, Perm ian, and Pennsylvanian sed im entary rocks  
 
  Chug water Form ation (Triassic and Perm ian)—R ed shale and siltstone with interbedded red to 
salmon to buff, fine-grained sandstone in upper part. Lower part of section contains red shale and 
calcareous siltstone, interbedded with thin to thick  gypsum beds, local solution breccia, and 
banded wavy gypsiferous lim estone som etim es m istak en as part of the Forele Lim estone. 
Includes approxim ately 150 feet (46 m) of Jelm Form ation in upper section as a yelow to salmon-
pink m assive sandstone, with large-scale crossbedding, interbedded with thin partings of red 
siltstone, claystone, and shale. This unit was m apped separately by V argas (1974). The lower part 
of the Chugwater Form ation, along with the underlying Forele Lim estone and Satank a Shale, are 
m apped as Goose Egg Form ation west of the Laram ie Basin. Thick ness 800 feet (244 m) (V er 
Ploeg and Boyd, 2007) 
 
  Forelle Lim estone (Perm ian)—Gray to purple, thin-bedded, sparsely fossiliferous, resistant lim estone 
localy interbedded with red siltstone and thin gypsum beds. W avy outcrops of algal dom e 
structure and more crinkly contorted bedding com mon (Nicol, 1963). Crops out as low, brok en, 
sm al ridges and highly fractured beds. Thickness 4 to 20 feet (1 to 6 m) (Nicol, 1963) 
 
  Satanka Form ation (Perm ian)—R ed siltstone and shale that is often banded with white and ocher 
color zones, and buff to orange to red fine-grained soft sandstone with distinct ripple m ark s 
com mon near the base of the unit. Gypsum occurs in the Satank a Form ation as lenticular beds 
occurring as thick  as 17 feet (5 m) (Darton and Siebenthal, 1909). Karst/sink hole erosional 
structures associated with fluid flow in faults occur in the Satank a Form ation on the northern 
portion of the m ap. U nconform ably overlies the Casper Form ation. Contact with Casper 
Form ation can be difficult to discern though changes in grain angularity and the occurrence of 
ripple m ark s in the Satank a indicate the contact boundary. Thick ness up to 260 feet (79 m) (Nicol, 
1963; V er Ploeg and Boyd, 2007) 
 
  Casper Form ation (Perm ian and Pennsylvanian)—Buff to reddish, calcareous to quartzitic, very 
fine to course-grained, wel-cem ented sandstone interbedded with thin buff to purplish-gray 
lim estone and dolom ite beds, usualy m icritic and localy fossiliferous. Sandstone often exhibits 
large-scale festoon cross-bedding with siliceous fracture fil associated with faulting and local 
stresses. W ithin the m ap area siliceous-filed Casper Form ation crops out as distinct resistant 
ridges, anchoring abundant vegetation and thick  brush. Thick ness is highly variable within the 
Laram ie Basin, thinning toward the southwest. W ithin the m ap area thick ness is 120 to 200 feet 
(37 to 61 m) (Maughan and W ilson, 1963) 
 
  Fountain Form ation (Pennsylvanian)—Coarse-grained pink to red to purple sandstone and arkose, 
with som e conglom erates, fossiliferous lim ey sandstones, siltstones, shales, and thin lim estone 
lenses. Blotchy pink-red iron staining is com mon on arkosic, resistant, ridge-form ing portions of 
the form ation. Conform ably underlies Casper Form ation within m ap area. Thick ness is variable 
within the Laram ie Basin, thick ening toward the southwest. W ithin the m ap area thick ness is 400 
to 500 feet (122 to 152 m) (Nicol, 1963) 
 
Mid d le Proterozoic g ranitic and m etam orph ic rocks 
  Monzod iorite d ike (Mg -rich )—Fine-grained, brown to purple-black , highly fractured and weathered 
monzodiorite dik es that crop out linearly for several hundred feet to several m iles (hundreds of 
m eters to several k ilom eters) through the Sherm an batholith. Dik es are predom inately sub-vertical, 
which can be easily seen in the field as vertical to near vertical jointing within the dik e. 
Monzodiorite dik es contain m egacrystic alk ali feldspars that display thin rim s of plagioclase. 
Plagioclase xenocrysts associated with sm al, round quartz grains and hornblende are seen in 
random locations in the field (Frost and others, 1999). Two varieties of monzodiorite dik es have 
been recognized within the Sherm an batholith that include an Fe-rich com m ingled body and an 
Mg-rich body that has less interaction with local country rock (Edwards, 1993). Mg-rich dik es are 
com mon within the m ap area. Monzodiorite dik es on the m ap area contain xenocrysts as described 
above, in addition to plagioclase and perthite that show obvious compositional zoning. Abundant, 
very sm al, needle-shaped apatite are pervasive throughout the sample and can be seen in thin 
section. 
  Major phases include plagioclase (som e as m yrm ek ite), perthite, m icrocline, biotite (som etim es 
altered to chlorite), hornblende, quartz, and orthoclase. 
   Minor phases include apatite, epidote, ilm enite, m agnetite, and titanite. 
   The monzodiorite dik es have not been dated using modern isotope concordia m ethods. However, 
monzodiorite dik es cross cut Sherm an Granite, Lincoln Granite enclaves and dik es, and 
porphyritic granite, indicating a post-Sherm an batholith emplacem ent history.  
Yld  Leucocratic d ike—Fine- to coarse-grained, sub-round to angular crystal structures of quartz, 
plagioclase and m icrocline with sm al amounts of m afic m inerals. Som e outcrops show localized 
m afic m ineral concentrations along grain boundaries of prim ary quartz and plagioclase crystals. 
Leucocratic dik es range from fine to-sm al grained, pink-red, granitic, late stage batholith 
injections to coarse-grained, m ature inner-grown crystal structures that consist of large quartz and 
alk ali feldspar grains. Hydrotherm al fluid alteration is evident in the larger crystal structure dik es 
as hem atite staining and epidote. Alteration can also be seen as secondary, subgrain quartz growth 
within the larger crystal structure and especialy along fractures within crystal faces 
  Major phases are plagioclase, quartz, m icrocline, perthite, and biotite 
  Minor phases are apatite, zircon, hornblende, ilm enite, and fluorite (Frost and others, 1999) 
  The age of the Leucocratic dik es is sim ilar to that of the Lincoln Granite and in m any cases the 
two are compositionaly sim ilar. The age of the fine-grained leucocratic dik es is assum ed to be 
sim ilar to the Lincoln Granite at 1,430 ± 2.6 Ma (Mega-annum or m ilion years before present) by 
U -Pb dating (Frost and others, 1999). The age of the larger grained Leucocratic dik es is unknown, 
but field relationships suggest late stage batholith emplacem ent as a partialy differentiated end 
m em ber of the Sherm an batholith 
Yln Lincoln Granite—Medium- to fine-grained, equigranular, orange-red to orange-gray, biotite granite 
that crops out in horizontal sheets with resistant caps that create hils, dom es, and high ridges that 
tend to outcrop above Sherm an Granite. Som e Lincoln Granite occurs as dik es and sm al 
inclusions/enclaves in the adjacent Sherm an Granite. Lincoln Granite is generaly less abundant 
than Sherm an Granite. Lincoln Granite is a more evolved phase of the Sherm an batholith with 
greater silica and less iron enrichm ent. The Lincoln Granite is classified as a ferroan alk ali-calcic 
peralum inous granitoid (Frost and Frost, 2010). Contacts with the Sherm an Granite are generaly 
sharp. Contacts with the porphyritic granite are m ingled to sharp. The Lincoln Granite was nam ed 
after the Lincoln Monum ent that is present on the sum m it of the old Lincoln Highway and 
Interstate 80 (Edwards, 1993). 
  Major phases are quartz, plagioclase, m icrocline, perthite, biotite, hornblende, and ilm enite. 
  Minor phases are apatite, zircon, m yrm ek ite. 
  Localy along fractures and faults the Lincoln Granite includes very sm al needle-lik e apatite 
along with titanite, epidote, and m inor hem atite and chlorite as alteration products. Som e samples 
include isolated alk ali feldspar m egacrysts that m ak e up less than 1% of the rock (Frost and others, 
1999). The Lincoln Granite has been dated at 1,430 ± 2.6 Ma by U -Pb dating (Frost and others, 
1999) 
Ym fd Mafic bod ies, pods, and d ikes (Fe-rich )—Fe-rich m afic bodies, pods, and dik es occur throughout the 
m ap area within the Sherm an batholith. They are strongly com m ingled with local porphyritic 
granite and Lincoln Granite and are generaly emplaced as enclave-lik e dik e features. Som e field 
samples contain sm al inclusions of Sherm an Granite as wel as m egacrystic plagioclase. In thin 
section the m egacrystic plagioclase appear to be xenocrysts. Field relationships suggest dik e/pod 
emplacem ent during batholith cooling. 
  Major phases include plagioclase, perthite, biotite, quartz, and orthoclase. 
  Minor phases are titanite, apatite, ilm enite, m agnetite and zircon. 
  The m afic bodies, pods, and dik es have not been directly dated using modern isotope m ethods. 
Field relationships as described above suggest a later intrusive age to the Sherm an Granite and 
sim ilar age to Lincoln and porphyritic granites in the range of 1,430 to 1,433 Ma (Edwards, 1993) 
 
Yp Porphyritic g ranite—Medium-grained, orange-gray to brown biotite hornblende granite with ½ to 1½ 
inch (1 to 4 cm), orange-pink and pink -gray perthitic m icrocline, and som e plagioclase 
phenocrysts that show rapak ivi-texture of plagioclase and quartz rim s. Som e outcrops of 
porphyritic granite show orientation of phenocrysts in a single stress direction that relates to local 
emplacem ent deform ation. The porphyritic granite (nam ed by Edwards, 1993) is considered a 
modal composition end m em ber between the Sherm an and Lincoln Granites (Frost and others, 
1999). Hydrotherm aly altered outcrops have rapak ivi texture where perthitic cores have altered to 
very fine grained, feathery m asses of sericite. Epidote and m inor chlorite are also seen as 
alteration products. Biotite exhibits moderate to heavy chloritic alteration with fine-grained, 
secondary quartz growth that de-lam inates cleavage planes. Hem atite-rich fluid is evident on 
crystal faces within the rock and is associated with cross-cutting quartz veins. 
  Major phases of the porphyritic granite are perthitic m icrocline, plagioclase, quartz, biotite, 
hornblende, and in hydrotherm aly altered samples, epidote and chlorite. 
  Minor phases include ilm enite, apatite, zircon, titanite, pigeonite, and in hydrotherm aly altered 
samples, sericite, hem atite, and hydrotherm aly associated secondary quartz. 
  The porphyritic granite has been dated at 1,430 to 1,433 Ma by modal composition association 
between the Lincoln and Sherm an Granites respectively (Frost and others, 1999) 
 
Ys Sherm an Granite—Medium- to coarse-grained, pink to reddish-orange, biotite hornblende granite 
that crops out in rounded to craggy mounds and more com monly a thick  weathered grus. The 
Sherm an Granite has a subporphyritic granular texture, exhibiting m egacrystic m icrocline rim m ed 
in plagioclase resulting in rapak ivi texture in som e locations. Sherm an Granite is the most 
com mon phase of the Sherm an batholith. It is the less evolved phase of the Sherm an batholith with 
lower silica and greater iron concentrations. The Sherm an Granite is classified as a ferroan alk ali-
calcic m etalum inous granitoid (Frost and Frost, 1997). Contacts with both the Lincoln Granite and 
the porphyritic granite tend to be sharp. 
  Major phases are m icrocline, plagioclase, quartz, hornblende, biotite, and ilm enite. 
  Minor phases include zircon and apatite, and in som e locations augite, pigeonite, and fay alite. 
  The Sherm an Granite has been dated at 1,433 + 1.5 Ma by U -Pb dating (Frost and others, 1999) 
Xb Garnet-biotite felsic g neiss—Black to gray ish-pink, fine-grained, feet (m)-scale folded, garnet-biotite 
felsic gneiss and biotite felsic gneiss. Composed of quartz, plagioclase, biotite, garnet, alk ali 
feldspar, cordierite, and m inor zircon, sphene, and chlorite. V ery fine-grained biotite is 
interlay ered with felsic bands rich in plagioclase, m icrocline, and quartz. Fine-grained biotite 
grains in m ica-dom ains orient sim ilar to elongate xenomorphic garnet. Garnet is com mon as 
poik ioblasts in leucosom e and quartzofeldspathic layers. Compositional banding paralels internal 
foliation of biotite. Banding form s isoclinal to tight folds with feet (m)-scale amplitude. Few inch 
(cm) parasitic folds on fold lim bs are present. U nit is intruded by Sherm an Granite and pigm atitic 
dik es related to late-stage Sherm an batholith emplacem ent. Granitic intrusive m aterial paralels 
banding and folding, parasitizing gneissic structure within the contact m argin of the unit. U nit is 
interpreted as m eta sedim entary rock syndepositional with m etavolcanic gneisses described in 
relative proxim ity to unit and therefore of sim ilar depositional age. Biotite felsic gneiss and 
garnet-biotite felsic gneiss have not been directly dated using modern isotope m ethods. Field 
relationship and comparative interpretation suggest an age ~1,743 to 1,610 Ma with the younger 
age preferred for m etamorphic age (Jones, and others, 2010; Premo and Fanning, 2000) 
 
Black to pink ish-gray to reddish, fine- to m edium-coarse-grained biotite-hornblende felsic gneiss 
and biotite-hornblende augen gneiss occur as feet (m) scale lenses in garnet-biotite felsic gneiss 
and biotite felsic gneiss. Composed of quartz, plag0ioclase, alk ali feldspar, biotite, and 
hornblende. Hornblende and biotite occur on rim s of ¼ to ¾ inch (0.5 to 2 cm) quartz-feldspar 
porphyroclasts as augen and in very thinly banded m m-scale foliation lay ers. Based on outcrop 
study of fabric orientation, unit is most lik ely a m etaigneous rock  deform ed at a sim ilar age to 
garnet-biotite felsic gneiss and biotite felsic gneiss with a sim ilar comparative age of ~1,743 to 
1,610 Ma. It is unknown if this unit relates to younger deform ed 1,433 Ma Sherm an Granite that 
m ay have deform ed during batholith emplacem ent 
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along axis indicates direction of plunge 
Collapse structure 
Sinkh ole 
Strike and d ip of inclined bed d ing  
Strike and d ip of overturned bed d ing  
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U sers o f these m aps are ca utio n ed a b o ut usin g the data at sca les different tha n  tho se at which the m aps were 
co m piled— usin g this data at a larger sca le will n o t pro vide greater a ccura cy, a n d in fa ct, it is a m isuse o f the data.  
 
T he Wyo m in g S tate Geo lo gica l S urvey (WS GS ) a n d the S tate o f Wyo m in g m a kes n o  represen tatio n  o r warra n ty, 
expressed o r im plied, regardin g the use, a ccura cy, or co m pleten ess o f the data presen ted herein , or fro m  a m ap 
printed fro m  these data; n o r sha ll the a ct o f distrib utio n  co n stitute a n y such warra n ty.    T he WS GS  do es n o t 
guara n tee these digita l data herein , or m ap printed fro m  these data, to b e free o f errors or in a ccura cies. 
 
T he WS GS  a n d the S tate o f Wyo m in g discla im s a n y respo n sib ility or lia b ility fo r interpretatio n s fro m  this digita l 
data o r m ap printed fro m  these digita l data, or decisio n s b a sed thereo n . T he WS GS  a n d the S tate o f Wyo m in g 
reta in s a n d do es n o t wa ive so vereign  im m un ity. 
 
T he use o f o r referen ce to tra dem arks, tra de n a m es, or other pro duct or co m pa n y n a m es in this pro duct is fo r 
descriptive or in fo rm atio n a l purpo ses, or is pursua n t to licen sin g a greem en ts b etween  the WS GS  o r the S tate o f 
Wyo m in g a n d so ftware or hardware develo pers/ven do rs, a n d do es n o t im ply en do rsem en t o f tho se pro ducts b y the 
WS GS  o r the S tate o f Wyo m in g.    
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Holocene surficial deposits 
 
Qa  Alluvial deposits— U n co n so lidated a n d po o rly co n so lidated cla y, silt, sa n d, a n d gra vel, m a in ly in  
flo o dpla in s a n d lo west strea m  terra ces; thickn ess 0 to 20 feet (0 to 6 m ) 
 
Qa c Mixed alluvium and colluvium— S a n d, silt, cla y, a n d gra vel depo sited m a in ly a lo n g in term itent strea m s; 
in cludes slo pe wa sh a n d sm a ller a lluvia l fa n  depo sits that co a lesce with a lluvium ; thickn ess 
appro xim a tely 0 to 20 feet (0 to 6 m ) 
 
Qf Alluvial fan deposits— Po o rly so rted cla y, silt, a n d gra vel; crudely b edded to n o n b edded. Appear to b e 
a ctive, receivin g sedim en ts fro m  in term itent strea m ; m a y ha ve so m e deb ris flo w co m po n en t. On ly 
o ccurren ce is n o rthea st o f Red Butes; thickn ess 0 to 30 feet (0 to 9 m ) 
 
Holocene and Pleistocene surficial deposits 
 
Qat Mixed alluvium and terrace deposits— U n co n so lidated a n d po o rly co n so lidated cla y, silt, sa n d, a n d 
gra vel, represen tin g a tra n sitio n  zo n e b etween  a lluvium  a n d terra ce depo sits. Restricted to a sm a ll 
o ccurren ce a lo n g Willo w Creek, in the so uthern part o f the m ap. T hickn ess appro xim ately 0 to 15 
feet (0 to 4.6 m ) 
 
Qs Windblown sand deposits— Active a n d sta b ilized dun es, m a de up o f very fin e to fin e-gra in ed sa n d. 
Altho ugh n um ero us un m apped sm a ll-sca le exa m ples o ccur within  the m ap area, m apped exa m ples 
o ccur at the m o uth o f Gilm o re Gulch a n d so uthea st o f Red Butes in the Red Butes ho usin g 
develo pm en t. T hickn ess appro xim ately 0 to 15 feet 
  
Qt Terrace deposits— Beds o f co arse sa n d a n d gra vel with o cca sio n a l b o ulders a n d len ses o f silt a n d cla y. 
In cludes fra gm en ts o f weathered gra n ite a n d lim esto n e co b b les, their predo m in a n ce varies 
depen din g o n  so urce o f feedin g strea m . Occur a lo n g presen t dra in a ges, a few feet (0.6 m ) to o ver 15 
feet (4.6 m ) a b o ve m o dern flo o d pla in s; thickn ess appro xim ately 0 to 10 feet (0 to 3 m) 
 
Qgp Gypsite deposits— U n co n so lidated cla y-sized gypsum  in terb edded with red cla y, sa n d, gra vel, a n d 
lim esto n e co b b les. Mo stly lo cated in strea m  va lleys im m ediately west o f the L ara m ie fa ult, pro b a b ly 
so urced b y so lutio n  a n d ero sio n  o f gypsum  b eds in the upper S ata n ka a n d lo wer Chugwater 
fo rm atio n s which were bro ught to the surfa ce o r n ear surfa ce b y fa ultin g. T hickn ess appro xim ately 0 
to 20 feet (0 to 6 m ) 
 
Qo f Older alluvial fan deposits— Po o rly so rted cla y, silt, sa n d, a n d gra vel; crudely b edded to n o n b edded with 
so m e deb ris flo w co m po n en t; lim esto n e co b b les are co m m o n .  Currently in a ctive a n d dissected, 
o ften o ccurrin g a s ero sio n a l rem n a n ts. Gra de in to  o lder terra ce depo sits to ward the west, in the 
n o rthern part o f the m ap area. T hickn ess 0 to 20 feet (0 to 6 m ) 
 
Qot  Older terrace deposits— Beds o f co arse sa n d a n d gra vel with o cca sio n a l b o ulders a n d len ses o f silt a n d 
cla y; lim esto n e co b b les are co m m o n . Often o ccur a s ero sio n a l rem n a n ts ra n gin g fro m  20 to 40 feet 
(6 to 12 m ) a b o ve presen t strea m  flo o dpla in s. S o m e rem n a n ts m a y a ctua lly b e o lder a lluvia l fa n  
rem n a n ts. T hickn ess 0 to 10 feet (0 to 3 m ) 
 
QT s Older windblown sand (Pleistocene/Pliocene?)— Mo stly un co n so lidated light-gra y  sa n d a n d silt 
interb edded with len ses o f gra vel a n d co b b les co m po sed o f lim esto n e a n d sa n dsto n e ero ded fro m  
o utcrops o f Ca sper Form atio n , a s well a s ign eo us a n d m eta m o rphic co b b les fro m  the Preca m b ria n  
o utcrops to the ea st. Crops o ut in Gilm o re Gulch o n  the ea st edge o f the m ap. Additio n a l wo rk is 
required to defin itively esta b lish the a ge o f these depo sits. T hickn ess 0 to n early 100 feet (0 to n early 





Mesozoic and Paleozoic sedimentary rocks 
 
Jm  Morrison Formation (Upper and Middle Jurassic)— Pa le-green , o live-green , b lue-green  to m aro o n  a n d 
cha lky white variegated ca lcareo us a n d b en to n itic cla ysto n es interb edded with thin dra b  lim esto n es 
a n d b uff, n o n -resista n t sa n dsto n es. L im esto n e lo ca lly co n ta in s o ra n ge to bro wn chert in clusio n s. A 
thin sectio n  o f S un da n ce Form atio n  m a y exist in the area, b ut due to few a n d po o r expo sures a n d 
questio n a b le iden tificatio n , it is m apped with the Morriso n . T hickn ess 300 to 400 feet (91 to 122 m) 
 
 T rPc Chugwater Formation (Triassic and Permian)— Red sha le a n d siltsto n e with interb edded red to sa lm o n  
to b uff, fin e-gra in ed sa n dsto n e. L o wer part o f sectio n  co n ta in s red sha le interb edded with thin to 
thick gypsum  b eds, lo ca l so lutio n  b reccia, a n d b a n ded wa vy gypsifero us thin lim esto n e so m etim es 
m ista ken  fo r part o f the Forelle L im esto n e. T his part o f the Chugwater a lo n g with the un derlyin g 
Forelle L im esto n e a n d S ata n ka S ha le are m apped a s Go o se Egg Form atio n  west o f the L ara m ie 
Ba sin . L o ca lly, so m e sa n dsto n e ero sio n a l o utliers o f po ssib le Jelm  Form atio n  m a y o ccur, b ut due to 
their la ck o f persisten ce a n d questio n a b le iden tificatio n , they are m apped with the Chugwater. On e 
exa m ple o f po ssib le Jelm  Fo rm atio n  o ccurs ea st o f Harn ey Creek in sec. 29, T . 15 N., R. 73 W. 
T hickn ess 650 to 800 feet (198 to 244 m) 
 
Pf Forelle Limestone (Permian)— Gra y to purple, thin  b edded, sparsely fo ssilifero us lim esto n e lo ca lly 
interb edded with red siltsto n e a n d thin gypsum  la m in a tio n s a n d a sso ciated so lutio n  b reccia ; wa vy 
o utcrops resem b lin g a lga l structures co m m o n ; thickn ess 10 to 30 feet (3 to 9 m) 
 
Ps Satanka Shale (Permian)— Red siltsto n e a n d sha le (o ften  b a n ded with white- a n d o cher-co lo red zo n es), 
so ft sa n dsto n e, thin lim esto n es, a n d lo ca l gypsum  b eds, especia lly n ear the top. Buff to  ora n ge to 
red, fin e-gra in ed sa n dsto n e with ripple m arks co m m o n  n ear b a se o f un it. Gypsum  b eds in the 
S ata n ka  are currently b ein g m in ed so uth o f Red Butes. T hickn ess 140 to 200 feet (43 to 61 m) 
  
PlPcf Casper and Fountain formations undivided— Mapped to gether due to the tra n sitio n a l n ature o f the 
co nta ct b etween the Ca sper a n d the Fo unta in; tota l co m b in ed thickn ess 600 to 800 feet (183 to 244 m) 
 
  Casper Formation (Permian and Upper and Middle Pennsylvanian)— Buff to reddish, ca lcareo us 
to quartzitic, very fin e- to co arse-gra in ed, well-cem en ted sub arko sic sa n dsto n e interb edded with 
b uff to purplish-gra y lim esto n e a n d do lo m ite b eds, usua lly m icritic a n d lo ca lly fo ssilifero us. 
S a n dsto n e o ften exhib its large-sca le festo o n  cro ss-b eddin g, in crea sin g to ward the so uth. T he 
lim esto n e b eds are quite thin a n d less n um ero us tha n  in  the L ara m ie area a n d are fo r the m o st 
part a b sen t in the so uthern part o f the m ap area. Interto n gues with un derlyin g Fo unta in  
Form atio n . T he Ca sper Form atio n  serves a s the prim e aquifer in the m ap area 
 
  Fountain Formation (Pennsylvanian)— Prim arily m aro o n  arko sic cro ss-b edded fin e to co arse 
sa n dsto n e a n d co n glo m erate interb edded lo ca lly with sha les a n d thin lim esto n es; up to 400 feet 
(122 m) thick  
 
Precambrian crystalline rocks 
 
Y s Sherman Granite (Middle Proterozoic)— Co arsely crysta llin e pin k gra n ite ra n gin g in a ge fro m  1,414 to 
1,435 Ma (Mega-a n n um  or m illio n s o f years b efo re presen t). Crops o ut in the so uthea st co rn er o f the 





 Formation contact— Da shed where appro xim ately lo cated 
 
 Fault— Da shed where appro xim ately lo cated, queried where in ferred, a n d do ted where co n cea led; b a ll a n d 
b ar o n  do wn thro wn  b lo ck; arro ws in dicate relative ho rizo n ta l m o vem en t where kn o wn  
 
 Anticline— Da shed where appro xim ately lo cated, do ted where co n cea led; tra ce o f a xia l pla n e a n d 
directio n  o f plun ge determ in ed b y field dip m ea surem en ts a n d a ir pho to interpretatio n ; sho rter aro w 
in dicates apparent dip o f steeper lim b  o f a sym m etric a n ticlin e 
 
 Monocline— S ho win g directio n  o f plun ge; da shed where appro xim ately lo cated, do ted where co n cea led; 
tra ce o f a xia l pla n e determ in ed b y field dip m ea surem en ts a n d a ir pho to interpretatio n  (n o te: axia l 
pla n e is o b lique to dip o n severa l m o n o clin es in n o rthea stern co rn er o f m ap due to strike-slip 
fa ultin g); sho rter arro w den o tes steeper dippin g lim b  
 
 Strike and dip of beds— S ho win g a n gle o f dip; fo rm atio n  sym b o l in parentheses in dicates atitude 
m ea sured fo r b eddin g in a n  expo sure that wa s to o  sm a ll to depict at the presen t m ap sca le 
 
 Strike and dip of beds— S ho win g a n gle o f dip; m ea surem en ts fro m  L un dy (1978) a n d Nico ll (1963) 
 
 Horizontal beds 
 
 Line of cross section— Circled leters n ext to fa ults in dicate strike-slip co m po n en t o f m o vem en t, T  is 
m o vem en t to ward o b server, A is m o vem en t a wa y fro m  o b server 
 
    Collapse structure 
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